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(54) Method of manufacturing electron-emitting device as well as electron source and image* 
forming apparatus 



(57) An electron-emitting device (1 ) comprises a pair 
of oppositely disposed electrodes (5,6) and an electro- 
conductive film (4) inclusive of an electron-emitting 
region (3) arranged between the electrodes. The electric 



resistance of the electroconductive film (4) is reduced 
after forming the electron-emitting region (3) in the 
course of manufacturing the electron-emitting device (1 ). 
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Description 

BACKGROUND QF THE INVENTION 
Field of the Invention 

This invention relates to a method of manufacturing 
an electron-emitting device and it also relates to an elec- 
tron source and an image-forming apparatus such as a 
display apparatus incorporating an electron-emitting 
device manufactured by such a method. 

Related Background Art 

There have been known two types of electron-emit- 
ting device; the thermoelectron type and the cold cath- 
ode type. Of these, the cold cathode type include the field 
emission type (hereinafter referred to as the FE-type), 
the metal/insulation lyaer/metal type (hereinafter 
referred to as the MIM-type) and the surface conduction 
type. 

Examples of the FE electron-emitting device are 
described in W. P. Dyke & W. W. Dolan, "Held emission", 
Advance in Electron Physics, 8, 89 (1956) and C. A. 
Spindt, "PHYSICAL Properties of thin-film field emission 
cathodes with molybdenum cones", J. Appl. Phys.. 47, 
5248(1976). 

MIM devices are disclosed in papers including C. A. 
Mead, "The tunnel-emission amplifier", J. Appl. Phys., 
32,646(1961). 

Surface conduction electron-emitting devices are 
proposed in papers including M. I. Elinson, Radio Eng. 
Electron Phys., 10 (1965). 

A surface conduction electron-emitting device is 
realized by utilizing the phenomenon that electrons are 
emitted out of a small thin film formed on a substrate 
when an electric current is forced to flow in parallel with 
the film surface. While Elinson proposes the use of Sn0 2 
thin film for a device of this type, the use of Au thin film 
is proposed in G. Dittmer: "Thin Solid Films". 9, 317 
(1972) whereas the use of In203/Sn0 2 and that of carbon 
thin film are discussed respectively in M . Hartwell and C. 

G. Fonstad: "IEEE Trans. ED Conf.". 519 (1975) and in 

H. Araki et aL: "Vacuum", Vol. 26. No. 1 , p.22 (1983). 

Fig. 24 of the accompanying drawings schematically 
illustrates a typical surface conduction electron-emitting 
device proposed by M. Hartwel!. 

In Fig. 24. reference numeral 221 denotes a sub- 
strate. Reference numeral 224 denotes an electrocon- 
ductive fflm normally prepared as integrally with a pair of 
device electrodes 225. 226 by producing an H-shaped 
metal oxide thin f ilm by means of sputteri ng, part of which 
eventually makes an electron-emitting region 223 when 
it is subjected to an electrically energizing process 
referred to as "electric forming" as described hereinafter. 
In Fig. 24, the horizontal area of the metal oxide thin film 
separating the pair of device electrodes 225, 226 has a 
length L of 0.5 to 1.0 mm and a width W of 0. 1 mm. Note 
that the electron-emitting region 223 is only very sche- 



matically shown because there is no way to accurately 
know its location and contour. 

As described above, the electroconductive film 224 
of such a surface conduction electron-emitting device is 
5 normally subjected to an electrically energizing prelimi- 
nary process, which is referred to as "electric forming", 
to produce an electron emitting region 223. 

In the electric forming process, a DC voltage or a 
slowly rising voltage that rises typically at a rate of 
10 1 V/min. is applied to given opposite ends of the electro- 
conductivef ilm 224 to partly destroy, deform or transform 
the thin film and produce an electron-emitting region 223 
which is electrically highly resistive. Thus, the electron- 
emitting region 223 is part of the electronductive film 224 
75 that typically contains fissures therein so that electrons 
may be emitted from those fissures. Note that, once sub- 
jected to an electric forming process, a surface conduc- 
tion electron-emitting device comes to emit electrons 
from its electron emitting region 223 whenever an appro- 
ve priate voltage is applied to the electroconductive film 224 
to make an electric current run through the device. 

Since a surface conduction electron-emitting device 
as described above is structurally simple and can be 
manufactured in a simple manner, a large number of 
25 such devices can advantageously be arranged on a large 
area without difficulty. As a matter of fact, a number of 
studies have been made to fully exploit this advantage 
of surface conduction electron-emitting devices. Applica- 
tions of devices of the type under consideration include 
30 charged electron beam sources and electronic displays. 
In typical examples of application involving a large 
number of surface conduction electron-emitting devices, 
the devices are arranged in parallel rows to show a lad- 
der-like shape and each of the devices are respectively 
35 connected at given opposite ends with wirings (common 
wirings) that are arranged in columns to form an electron 
source (as disclosed in Japanese Patent Application 
Laidopen Nos. 64-31332, 1-283749 and 1-257552). 
As for display apparatuses and other image-forming 
40 apparatuses comprising surface conduction electron- 
emitting devices such as electronic displays, although 
flat-panel type displays comprising a liquid crystal panel 
in place of a CRT have gained popularity in recent years, 
such displays are not without problems. One of the prob- 
45 lems is that a light source needs to be additionally incor- 
porated into the display in order to illuminate the liquid 
crystal panel because the display is not of the so-called 
emission type and, therefore, the development of emis- 
sion type display apparatuses has been eagerly 
so expected in the industry. 

An emission type electronic display that is free from 
this problem can be realized by using an electron source 
prepared by arranging a large number of surface con- 
duction electron-emitting devices in combination with flu- 
55 orescent bodies that are made to shed visible light by 
electrons emitted from the electron source (See, for 
example. United States Patent No. 5,066,883). 

For a surface conduction electron-emitting device of 
the above described type, the electroconductive film is 
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desirably made of a metal oxide having an electric resist- 
ance sufficiently greater than that of a metal film as in 
the case of the above described M. Hartwell's electro- 
conductive film 224 (Fig. 24). This is because a large 
electric current is required for the electric forming oper- 
ation if the electroconductive film 224 has a low electric 
resistance when the electron-emitting region is produced 
by electric forming. The required electric current will be 
huge and beyond any practical level particularly when a 
large number of surface conduction electron-emitting 
devices need to be simultaneously subjected to an elec- 
tric forming operation in the process of manufacturing an 
electron source comprising a plurality of surface conduc- 
tion electron-emitting devices. 

On the other hand, an electron source comprising a 
plurality of surface conduction electron-emitting devices 
and an image-forming apparatus incorporating such an 
electron source can be driven only by consuming electric 
power at an enhanced rate if the electroconductive film 
of each device has a high electric resistance. 

SUMMARY OF THE INVENTION 

In view of the above identified technological prob- 
lems, it is therefore an object of the present invention to 
provide a method of manufacturing an electron-emitting 
device that can effectively reduce the drive, voltage and 
the power consumption level of the device. 

Another object of the invention is to provide an elec- 
tron source and an image-forming apparatus that oper- 
ate on a power saving basis. 

Still another object of the invention is to provide an 
electron source comprising a plurality of electron-emit- 
ting devices that operate uniformly for electron emission 
and an image-forming apparatus incorporating such an 
electron source and capable of displaying high quality 
images. 

A further object of the present invention is to provide 
a method of manufacturing an electron-emitting device 
that can effectively reduce the electric current for electric 
forming and the power consumption level required for 
driving the device as well as an energy saving electron 
source comprising a plurality of such electron-emitting 
devices that operate uniformly for electron emission and 
an image-forming apparatus incorporating such an elec- 
tron source and capable of cfisplaying high quality 
images. 

According to a first aspect of the invention, the above 
objects and other objects of the invention are achieved 
by providing a method of manufacturing an electron- 
emitting device comprising a pair of oppositely disposed 
electrodes and an electroconductive film inclusive of an 
electron-emitting region arranged between said elec- 
trodes characterized in that said method comprises a 
processing step of reducing the electric resistance of the 
electroconductive film arranged between the electrodes. 

Preferably, said processing step of reducing the 
electric resistance of the electroconductive film arranged 



between the electrodes is a step of chemically reducing 
the electroconductive film. 

According to a second aspect of the invention, there 
is provided an electron source comprising an electron- 

5 emitting device for emitting electrons as a function of 
input signals characterized in that said electron-emitting 
devices are produced by said manufacturing method. 

According to a third aspect of the invention, there is 
provided an image-forming apparatus comprising an 

io electron source and an image-forming member for form- 
ing images as a function of input signals characterized 
in that said electron source is an electron source com- 
prising an electron-emitting device produced by said 
manufacturing method. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A shows a schematic plan view of a surface 
conduction electron-emitting device produced by a man- 
20 ufacturing method according to the invention and Fig. 1 B 
shows an equivalent circuit for driving the device. 

Rg. 2 is a graph showing the relationships between 
the device current and the device voltage and between 
the emission current and the device voltage before and 
25 after the chemical reduction step of an electron-emitting 
device being produced by a manufacturing method 
according to the invention. 

Figs. 3 A to 3C show schematic sectional views of an 
electron-emitting device in different steps of manufactur- 
30 ing by a method according to the invention. 

Rg. 4 is a schematic diagram showing the configu- 
ration of a measuring system for determining the per- 
formance of an electron-emitting device. 

Figs. 5A and 5B show forming voltage waveforms 
35 that can suitably be used for the purpose of the present 
invention. 

Rg. 6 is a graph showing a typical relationships 
between the emission current le and the device voltage 
Vf and between the device current If and the device volt- 
40 age Vf of a surface conduction electron-emitting device 
produced by a manufacturing method according to the 
invention. 

Rgs. 7A and 7B schematically show a plan view and 
a sectional view, respectively, of a surface conduction 
45 electron-emitting device produced by a manufacturing 
method according to the invention. 

Rg. 8 schematically shows a sectional view of a sur- 
face conduction electron-emitting device of a type differ- 
ent from that of the device of Figs. 7A and 7B produced 
so by a manufacturing method according to the invention. 
Rg. 9 is a schematic plan view of an electron source 
having a simple matrix arrangement of electron-emitting 
devices. 

Rg. 1 0 is a schematic perspective view of the display 
55 panel of an image-forming apparatus comprising an 
electron source having a simple matrix arrangement of 
electron-emitting devices. 

Rgs. 1 1 A and 1 1 B show two alternative fluorescent 
films that can be used for the purpose of the invention. 
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Fig. 12 is a block diagram of the drive circuit of an 
image-forming apparatus according to the invention 
adapted for the NTSC system. 

Rgs. 13A and 13B schematically show two alterna- 
tive ladder-like arrangements of electron-emitting 
devices for an electron source according to the invention. 

Fig. Uisaschematicperspectiveviewofthedisplay 
panel of an image-forming apparatus according to the 
invention incorporating an electron source having a lad- 
der-like arrangement of electron-emitting devices. 

Fig. 15 is an enlarged schematic partial view of an 
electron source having a simple matrix arrangement of 
electron-emitting devices. 

Fig. 16 is a schematic sectional view of an electron- 
emittnig device of the electron source of Fig. 15 taken 
along line A-A\ 

Figs. 17Ato 17F and 18G to 181 show schematic 
sectional views of an electron-emitting device to be used 
for an electron source having a simple matrix arrange- 
ment, showing different manufacturing steps. 

Fig. 19 is a schematic illustration of the chemical 
reduction step of a method of manufacturing an electron- 
emitting device according to the invention, using a reduc- 
ing gas. 

Fig. 20 is a schematic sectional view of an electron- 
emitting device according to the invention after it is cov- 
ered by a protective film. 

Fig. 21 is a schematic illustration of the chemical 
reduction step of a method of manufacturing an electron- 
emitting device according to the invention and conducted 
in a reducing solution. 

Fig. 22 is a block diagram of the drive circuit of an 
image-forming apparatus according to the invention 
adapted for the NTSC system obtained by modifying that 
of Fig. 12. 

Fig. 23 is a block diagram of a display apparatus 
realized by using an image-forming apparatus according 
to the invention. 

Fig. 24 is a schematic plan view of a conventional 
surface conduction electron-emitting device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Now, the present invention will be described in 
greater detail by referring to the accompanying drawings. 

According to an aspect of the invention, there is pro- 
vided a method of manufacturing an electron-emitting 
device comprising an electroconductive film as a com- 
ponent thereof, wherein said method comprises a 
processing step of reducing the electric resistance of the 
electroconductive film so that the voltage to be applied 
to and the power consumed by the electron-emitting 
device may be significantly reduced. 

The processing step of reducing the electric resist- 
ance of the electroconductive film of an electron-emitting 
device will be described by referring to Figs. 1 A, IB and 
2. 



Fig. 1A shows a schematic plan view of a surface 
conduction electron-emitting device produced by a man- 
ufacturing method according to the invention and com- 
prising a pair of electrodes 5, 6 and an electroconductive 
film 4 inclusive of an electron-emitting region 3 arranged 
between the electrodes. Note that reference numeral 1 
denotes an insulating substrate and the electron-emit- 
ting region 3 contains fissures to make itself electrically 
highly resistive. 

When a certain voltage is applied to the electrocon- 
ductive film 4 by an external power source via the elec- 
trodes 5, 6 to cause an electric current to flow 
therethrough, the electron-emitting region 3 emits elec- 
trons. 

Fig. 1B shows an equivalent circuit for driving the 
electron-emitting device. 

Referring to Fig. 1 B, Rs and Rf respectively denote 
the electric resistance of the electron-emitting region 3 
and that of each of the oppositely arranged remaining 
portions of the electroconductive film 4. While the oppo- 
sitely disposed portions of the electroconductive film 4 
other than the electron emitting region 3 may have dif- 
ferent values for electric resistance from each other, it is 
assumed here for the same of convenience that the elec- 
tron emitting region 3 is arranged exactly in the middle 
between the electrodes and the remaining portions of the 
electroconductive film 4 have electric resistances that 
are equal to each other. 

If the electric current required to cause the electron- 
emitting device to emit electrons is id and the voltage 
required to be applied to the device in order to cause the 
current id to flow through the device is Vf , the power con- 
sumption rate P(all) of the electron-emitting device is 
expressed by equation P(all)=VHd . 

It should be noted here that P(all) include the effec- 
tive power consumption rate Ps=Rs-id 2 that represents 
the power consumed per unit time genuinely by the elec- 
tron emitting region in order to emit electrons and the 
ineffective power consumption rate PT=2-Rf-id 2 that 
40 represents the power consumed per unit time by the 
remaining portions of the electroconductive film 4 that 
are connected in series to the electron emitting region 3. 

While the above description concerns a single elec- 
tron-emitting device, the overall ineffective power con- 
45 sumption rate would become enormous for an electron 
source comprising a plurality of such electron-emitting 
devices and hence for an image-forming apparatus 
incorporating such an electron source. 

The drive voltage and the power consumption rate 
so of the electron-emitting device can be reduced by reduc- 
ing the ineffective power consumption rate Pf , that is, by 
making the electric resistance of the portions of the elec- 
troconductive film 4 Rf (hereinafter referred to as the 
electric resistance of the electroconductive film 4) suffi- 
55 dentiy small relative to the electric resistance of the elec- 
tron emitting region 3 per se. 

tf the electric resistance per unit square of the elec- 
troconductive film 4 is Ron, then the electric resistance 
of the electroconductive film 4 Rf is expressed by 
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Rf=[L/(2-W)]'Ron . While Rf can be made smaller by 
reducing the distance L between the electrodes 5 and 6 
(hereinafter referred to as gas length), a small value for 
L is not desirable because it can seriously damage the 
flexibility with which the entire electron-emitting device is 5 
to be designed. 

More specifically, for an image-forming apparatus 
having a large display screen, the distance L between 
the electrode 5 and 6 of each electron-emitting device of 
the apparatus is preferably not smaller than 3jim and 10 
more preferably not smaller than tens of several \im from 
the view point of the currently available level of perform- 
ance of the aligner, the accuracy of printing, the yield and 
other manufacturing considerations for patterning the 
electrodes. 15 

In view of the above technological restrictions, the 
present invention is intended to provide a method of 
manufacturing a surface conduction electron-emitting 
device comprising a pair of oppositely disposed elec- 
trodes and an electroconductive film inclusive of an elec- 20 
tron-emitting region arranged between said electrodes 
characterized in that said method comprises a process- 
ing step of reducing the electric resistance of the elec- 
troconductive film arranged between the electrodes. 

Preferably, said processing step of reducing the 25 
electric resistance of the electroconductivef ilm arranged 
between the electrodes is a step of chemically reducing 
the electroconductive film. With such an operation of 
chemically reducing the electroconductive film 4, the 
ineffective power consumption rate Pf of the electrocon- 30 
ductive film 4 can be significantly reduced to allow elec- 
tric power to be effectively consumed for electron 
emission in the device. 

Now, the relationships between the device current If 
and the device voltage Vf and between the emission cur- 35 
rent le and the device voltage Vf before and after the 
chemical reduction step of an electron-emitting device 
being produced by a manufacturing method according 
to the invention will be described schematically by refer- 
ring to Fig. 2. In Fig. 2, the device current and the emis- 40 
sion current before chemical reduction are respectively 
indicated by Ifo and leo whereas those after chemical 
reduction are respectively denoted by Ifm and lem. 

As clearly seen from Fig. 2, both tfo and leo before 
chemical reduction are smaller than their respective 45 
counter-parts tfmand lem after chemical reduction. This 
means that almost all the device voltage Vf applied to the 
electron-emitting device is applied to the electron emit- 
ting region after the operation of chemical reduction, 
whereas the device voltage Vf is significantly lowered by so 
the resistance of the electroconductive film and only a 
fraction of the device voltage Vf is actually applied to the 
electron emitting region before the chemical reductions 
step. In other words, a higher device voltage needs to be 
applied to the electron-emitting device before the chem- ss 
ical reduction step in order to compensate the loss in the 
electroconductive film if an emission current level equal 
to the level after the chemical reduction step is to be 
achieved before the chemical reduction step in the elec- 



tron-emitting device. Then, electric power will be con- 
sumed by the electroconductive film at an even higher 
rate. 

Thus, according to the invention, the power con- 
sumption rate of an electron-emitting device can be 
reduced by chemically reducing the electroconductive 
film. Preferable techniques for chemically reducing the 
electroconductive fflm for the purpose of the present 
invention include 1) heating the film in vacuum, 2) keep- 
ing the film in an reducing atmosphere and 3) keeping 
the film in a reducing solution. With any of these tech- 
niques, the operation of chemically reducing the electro- 
conductive film is conducted, while monitoring the 
electric resistance of the electroconductive film, until the 
resistance gets to a stable level and does not become 
lower any further. 

Now, the best mode of carrying out the invention will 
be described. 

Firstly, a method of manufacturing a surface conduc- 
tion electron-emitting device according to the invention 
will be described by referring to Figs. 3A-3C that 6how a 
surface conduction electron-emitting device in three dif- 
ferent manufacturing steps. 

A method of manufacturing a surface conduction 
electron-emitting device according to the invention com- 
prises the following steps. 

(A) Steps upto electric forming: the electroconduc- 
tive film arranged between a pair of electrodes on a 
substrate is subjected to an electric forming opera- 
tion. 

1 ) After thoroughly cleansing a substrate 1 with 
detergent and pure water, a material is depos- 
ited on the substrate 1 by means of vacuum dep- 
osition, sputtering or some other appropriate 
technique for a pair of device electrodes 5 and 
6, which are then produced by photolithography 
(Fig. 3A). 

2) An organic metal thin film is formed on the 
substrate 1 between the pair of device elec- 
trodes 5 and 6 by applying an organic metal 
solution and leaving the applied solution for a 
given period of time. Thereafter, the organic 
metal thin film is heated in an oxidizing atmos- 
phere, for instance, in the ambient air atmos- 
phere and is charged to an electroconductive 
film which comprises mainly metal oxides and 
subsequently subjected to a patterning opera- 
tion, using an appropriate technique such as lift- 
off or etching, to produce a thin film 2 forforming 
an electron-emitting region (Fig. 3B). While an 
organic metal solution is used to produce a thin 
film in the above description, a thin film may 
alternatively be formed by vacuum deposition, 
sputtering, chemical vapor phase deposition, 
dispersed application, dpping, spinner or some 
other technique. 
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3) Thereafter, the device is subjected to an elec- 
tric forming process. 

In this electric forming operation, the elec- 
troconductive film 4 is locally destroyed, 
deformed or transformed such that a portion of 5 
the electroconductivefilm 4 undergoes a struc- 
tural change (to become a high electric resist- 
ance area) as fissures are formed there. 
Differently stated, a portion of the electrocon- 
ductive film 4 undergoes a structural change to io 
make an electron emitting region 3 in an electric 
forming process where a voltage is applied to 
the device electrodes 5 and 6 by a power source 
(not shown) to energize the electroconductive 
film 4 (Fig. 3C). ™ 

All the remaining steps of the electric 
processing to be conducted on the device after 
the forming operation are carried out by using a 
measuring system which will be described 
below by referring to Fig. 4. 20 

Referring to Fig. 4, the measuring system 
comprises a power source 3 1 for applying a volt- 
age to the device, an ammeter 30 for metering 
the device current If running through the elec- 
troconductive film 4 between the device elec- 2s 
trodes, an anode 34 for capturing the emission 
current le emitted from the electron-emitting 
region 3 of the device, a high voltage source 33 
for applying a voltage to the anode 34 of the 
measuring system, another ammeter 32 for 30 
metering the emission current le emitted from 
the electron-emitting region 3 of the device, a 
vacuum apparatus 35 and an exhaust pump 36. 
The exhaust pump may be provided with an 
ordinary high vacuum system comprising a 35 
turbo pump and a rotary pump or an oil-free high 
vacuum system comprising an oil-free pump 
such as a magnetic levitation turbo pump or a 
dry pump and an ultra-high vacuum system 
comprising an ion pump. *o 

An electron-emitting device is placed in the 
vacuum apparatus 35 for carrying out the 
remaining steps of electric processing or for 
measuring the performance of the device, which 
comprises a substrate 1 , a pair of device elec- 45 
trodes 5 and 6 and an electroconductive film 4 
including an electron emitting region 3 as shown 
in Fig. 4. 

The vacuum apparatus 35 is provided with 
a vacuum gauge and other pieces of equipment so 
necessary to operate it so that the measuring 
operation can be conducted under a desired 
vacuum condition. 

The vacuum chamber and the substrate of 
the electron source can be heated to approxi- 55 
mately 400°C by means of a heater (not shown). 

For determining the performance of the 
device, a voltage between 1 and 1 0KV is applied 
to the anode, which is spaced apart from the 
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electron emitting device by distance H which is 
between 2 and 8mm. 

For the electric forming operation, a con- 
stant pulse voltage or an increasing pulse volt- 
age may be applied. Figs. 5A and 5B show two 
possible electric forming voltage waveforms. 

For the purpose of the present invention, 
the voltage to be applied to the device for an 
electric forming operation preferably have a 
pulse waveform. Fig. 5A shows a constant pulse 
waveform where the pulse wave height is con- 
stant, whereas Fig. 5B shows an increasing 
pulse waveform where the pulse wave height 
increases with time. 

Firstly, a voltage having a constant pulse 
wave height will be described by referring to Fig. 
5A. 

Referring to Fig. 5A, the pulse voltage has 
a pulse width T1 and a pulse interval T2, which 
are between 1 microsecond and 10 microsec- 
onds and between 10 microseconds and 100 
milliseconds respectively. The height of the tri- 
angular wave (the peak voltage for the electric 
forming operation) may be appropriately 
selected depending on the profile of the elec- 
tron-emitting device to be processed and the 
voltage is applied for several seconds to several 
tens of minutes under an appropriate vacuum 
conditions, for instance, typically with a degree 
of vacuum of approximately 1 0" 5 torr. Note that 
the pulse waveform to be applied to the device 
electrodes is not limited to a triangular waveform 
and may alternatively be a rectangular wave- 
form or some other appropriate waveform. 

Secondly, a voltage having an increasing 
waveform will be described by referring to Fig. 
5B. 

Referring to Fig. 5B, the pulse voltage has 
a width T1 and a pulse interval T2, which are 
between 1 microsecond and 10 microseconds 
and between 10 microseconds and 100 milli- 
seconds respectively as in the case of Fig. 5A, 
although the height of the triangular wave (the 
peak voltage for the electric forming operation) 
is increased at a rate of, for instance. 0.1V per 
step and the voltage is applied to the device in 
vacuum. 

The electric forming operation will be termi- 
nated when typically a resistance greater than 
1M ohms is observed for the device current If 
running through the electroconductive thin film 
4 for forming an electron-emitting region while 
applying a resistance-measuring voltage of 
approximately 0.1 V is applied tothedevice elec- 
trodes not to locally destroy or deform the thin 
film. 

(B) Reduction of electric resistance: the electrocon- 
ductive film arranged between a pair of electrodes 
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is subjected to a processing operation of reducing 
the electric resistance thereof. 

4) The processing operation of reducing the 
electric resistance of the electroconductive film 
is an operation of chemically reducing the elec- 
troconductive film. 

The processing operation of chemically 
reducing the electroconductive film 4 including 
an electron-emitting region 3 arranged between 
a pair of device electrodes 5 and 6 on a sub- 
strate 1 is conducted in a manner as described 
below. Inthis operation, amonitoring device that 
has been subjected only to steps 1) and 2) of 
(A) and not to the electric forming operation is 
preferably used atong with the device to be proc- 
essed so that the end of the operation of chem- 
ically reducing the electroconductive film 4 of 
the device may be determined by observing 
changes in the resistance of the electroconduc- 
tive film 4 of the monitoring device that has not 
been electrically formed and is concurrently 
subjected to the operation of chemical reduc- 
tion. 

Techniques that can be used for chemically reducing 
the electroconductive film 4 include the following. 

(1) heating the film in vacuum 

The heating temperature for this technique is pref- 
erably between 100°C and 400°C, although it depends 
on the degree of vacuum involved and the components 
of the electroconductive film. 

(2) keeping the film in a reducing atmosphere 

Gaseous substances that can be used for this tech- 
nique include hydrogen, hydrogen sulfide, hydrogen 
iodide, carbon monoxide, sulfur dioxide and other lower 
gaseous oxides. The heating temperature for this tech- 
nique is preferably between room temperature (20°C) 
and 400°C, although it depends on the gaseous sub- 
stance involved. 

(3) keeping the film in a reducing solution 

Reducing solutions that can be used for this tech- 
nique include solutions of hydrazine, diimtdes, formic 
acid, aldehydes and L-ascorbic acid. The heating tem- 
perature for this technique is preferably between 20°C 
and 100°C. 

5) The device that has undergone the above steps 
is then subjected to an activation step which will be 
described below. 

In this activation step, a pulse voltage having a 
constant wave height is repeatedly applied to the 
device in vacuum of a degree typically between 10~ 4 



and 1 0~ 5 torr as in the case of the forming operation 
so that carbon or carbon compounds may be depos- 
ited on the device out of the organic substances 
existing in the vacuum in order to cause the device 
current If and the emission current le of the device 
to change markedly and obtain an electron-emitting 
device having a high emission current le and a high 
electron emission efficiency ((Ie/lf)x100[%] ). 

The carbon or carbon compounds as referred 
to above arefound to be mostly graphite (both mono- 
and poly-crystalline) and non-crystalline carbon (or 
a mixture of amorphous carbon and poly-crystalline 
graphite) if observed through a TEM or a Raman 
spectroscopes and the thickness of the film depos- 
ited is preferably less than 500 angstroms and more 
preferably less than 300 angstroms. 

For the purpose of the present invention, the 
activation step preferably precedes the chemical 
reduction step. 

More specifically, the electroconductive film 4 
may show deformation on the surface due to 
agglomeration in the course of the chemical reduc- 
tion process to make the electron-emitting region 3 
partly short-circuited depending on the components 
of the electroconductive film 4 and/or the conditions 
for the operation of chemical reduction. Once such 
a short-circuited state takes place, the device cur- 
rent If can be increased to consequently reduce the 
ratio of the electron emission current le to the device 
current If. 

The reduction in the ratio of the electron emis- 
sion current le to the device current If can be pre- 
vented by forming a coating film on the 
electroconductive film 4 at a location near the elec- 
tron-emitting region 3 at the time of deposition of car- 
bon or carbon compounds in the activation step in 
order to suppress any possible agglomeration and 
consequent deformation of the electroconductive 
film 4 in the succeeding chemical reduction step. 
6) The prepared electron-emitting device is prefera- 
bly driving to operate in vacuum of a degree higher 
than those of the electric forming step and the acti- 
vation steps. Preferably, the device is heated at 80°C 
to 150°C in vacuum of such a high degree. The 
degree of vacuum higher than those of the electric 
forming step and the activation step typically means 
a vacuum of not higher than 1 0" 6 torr and, preferably 
an ultra-high vacuum state under which carbon and 
carbon compounds would not be additionally depos- 
ited. 

Thus, any additional deposition of carbon and/or 
carbon compounds is suppressed to stabilize both the 
device current If and the emission current le. 

Now, some of the basic features of an electron-emit- 
ting device according to the invention and prepared in 
the above described manner will be described below by 
referring to Fig. 6. 
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Fig. 6 shows a graph schematically illustrating the 
relationship between the device voltage Vf and the emis- 
sion current le and between the device voltage Vf and 
the device current If typically observed by the measuring 
system of Fig. 4. Note that different units are arbitrarily 
selected for le and If in Fig. 6 in view of the fact that le 
has a magnitude by far smaller than that of tf. 

As seen in Fig. 6, an electron-emitting device 
according to the invention has three remarkable features 
in terms of emission current le, which will be described 
below. 

Firstly, an electron-emitting device according to the 
invention shows a sudden and sharp increase in the 
emission current le when the voltage applied thereto 
exceeds a certain level (which is referred to as a thresh- 
old voltage hereinafter and indicated by Vth in Fig. 6), 
whereas the emission current le is practically undetect- 
able when the applied voltage is found lower than the 
threshold value Vth. Differently stated, an electron-emit- 
ting device according to the invention is a non-linear 
device having a clear threshold voltage Vth to the emis- 
sion current le. 

Secondly, since the emission current le is highly 
dependent on the device voltage Vf, the former can be 
effectively controlled by way of the latter. 

Thirdly, the emitted electric charge captured by the 
anode 34 is a function of the duration of time of applica- 
tion of the device voltage Vf . In other words, the amount 
of electric charge captured by the anode 34 can be effec- 
tively controlled by way of the time during which the 
device voltage Vf is applied. 

Note that the device current If either monotonically 
increases relative to the device voltage Vf (as shown by 
a solid line in Fig. 6 t a characteristic referred to as Ml 
characteristic hereinafter) or changes to show a form 
specific to a voltage-controlled-negative-resistance 
characteristic (as shown by a broken line in Fig. 6. a char- 
acteristic referred to as VCNR characteristic hereinaf- 
ter). These characteristics of the device current are 
dependent on a number of factors including the manu- 
facturing method, the conditions where it is measured 
and the environment for operating the device. The Ml 
characteristic is preferably used for the purpose of the 
present invention. 

Now, aflat type surface conduction electron-emitting 
device will be described. 

Figs. 7A and 7B respectively show a schematic plan 
view and a schematic sectional view of a surface con- 
duction electron-emitting device produced by a manufac- 
turing method according to the invention. Referring to 
Figs. 7 A and 7B, the device comprises a substrate 1 . a 
pair of device electrodes 5 and 6, a thin film 4 including 
an electron-emitting region 3. 

Materials that can be used for the substrate 1 include 
quartz glass, glass containing impurities such as Na to 
a reduced concentration level, soda lime glass, glass 
" substrate realized by forming an Si0 2 layer on soda lime 
glass by means of sputtering, ceramic substances such 
as alumina. 



While the oppositely arranged device electrodes 5 
and 6 may be made of any highly conducting material, 
preferred candidate materials include metals such as Ni, 
Cr, Au, Mo, W, Pt, Ti, Al, Cu and Pd and their alloys, print- 
5 able conducting materials made of a metal or a metal 
oxide selected from Pd. Ag, Ru0 2 , Pd-Ag and glass, 
transparent electroconductive materials such as In^- 
Sn0 2 and semiconductor materials such as polysilicon. 
The distance L separating the device electrodes, the 
to length W of the device electrodes, the contour of the 
electroconductive film 4 and other factors for designing 
a surface conduction electron-emitting device according 
to the invention may be determined depending on the 
application of the device. The distance L is preferably 
75 between several hundreds angstroms and several hun- 
dreds micrometers and, still preferably, between several 
micrometers and tens of several micrometers depending 
on the voltage to be applied to the device electrodes and 
the field strength available for electron emission. 
20 The electroconductive thin film 4 is preferably a fine 
particle film in order to provide excellent electron-emit- 
ting characteristics. The thickness of the electroconduc- 
tive thin film 4 is determined as a function of the stepped 
coverage of the thin film on the device electrodes 5 and 
25 6, the electric resistance between the device electrodes 
5 and 6 and the parameters for the forming operation that 
will be described later as well as other factors and pref- 
erably between several angstroms and several thou- 
sands angstroms and more preferably between ten 
30 angstroms and five hundreds angstroms. 

The electroconductive film 4 is typically made of fine 
particles of a material selected from metals such as Pd, 
Ru, Ag, Ti. In, Cu. Cr, Fe, Zn, Sn, W and Pb after proc- 
essed in the above described chemical reduction step, 
35 although it may contain oxides of those metals such as 
PdO, Sn0 2 , In203. PbO, MoO and Mo0 2 . 

The term "a fine particle film" as used herein refers 
to a thin film constituted of a large number of fine parti- 
cles that may be loosely dispersed, tightly arranged or 
40 mutually and randomly overlapping (to form an island 
structure under certain conditions). The diameter olfine 
particles to be used for the purpose of the present inven- 
tion is between several angstroms and several thou- 
sands angstroms and preferably between ten angstroms 
45 and two hundreds angstroms. 

The electron-emitting region 3 is part of the electro- 
conductive thin film 4 and comprises electrically highly 
resistive fissures, although its profile is dependent on the 
thickness and the material of the electroconductive thin 
so film 4 and the electric forming process described earlier. 
It may contain electroconductive fine particles having a 
diameter between several angstroms and hundreds of 
several angstroms. The material of such fine particles 
may be formed of all or part of the materials that are used 
55 to prepare the electroconductive thin film 4. The electro- 
conductive thin film 4 preferably contains carbon and car- 
bon compounds in the electron-emitting region 3 and its 
neighboring areas. 
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Now, a step type surface conduction electron-emit- 
ting device, will be described. 

Fig. 8 is a schematic sectional view of a step type 
surface conduction electron-emitting device, showing its 
basic configuration. The components same as or similar s 
to those of the device of Figs. 7A and 7B are respectively 
denoted by the same reference symbols. 

The device comprises a substrate 1 , a pair of device 
electrodes 5 and 6 and a electroconductive film 4 includ- 
ing an electron emitting region 3, which are made of 10 
materials same as a flat type surface conduction elec- 
tron-emitting device as described above, as well as a 
step-forming section 21 made of an insulating material 
such as Si02 produced by vacuum deposition, printing 
or sputtering and having a film thickness corresponding 15 
to the distance L separating the device electrodes of a 
flat type surface conduction electron-emitting device as 
described above, or between several hundreds ang- 
stroms and tens of several micrometers and preferably 
between several hundreds angstroms and several 20 
micrometers, although it is selected as a function of the 
method of producing the step-forming section used 
there, the voltage to be applied to the device electrodes 
and the field strength available for electron emission. 

As the electroconductive film 4 is formed after the 25 
device electrodes 5 and 6 and the step-forming section 
21, it may preferably be laid on the device electrodes 5 
and 6. The location and contour of the electro-emitting 
region 3 are dependent on the conditions under which it 
is prepared, electric forming conditions and other related 30 
conditions and not limited to the location and contour 
shown in Fig. 8. 

Since an electron-emitting device produced by a 
method according to the invention is provided with the 
above described three remarkable features, its electron- 35 
emitting performance can be easily and accurately con- 
trolled as a function of input signals even if it is used as 
one of a plurality of identical electron-emitting devices 
comprised in an electron source or an image-forming 
apparatus incorporating such an electron source. 40 

Then, an electron source and an image-forming 
apparatus comprising electron-emitting devices pro- 
duced by a manufacturing method according to the 
invention will be described in terms of their respective 
basic configurations. 45 

An electron source and an image-forming apparatus 
can be realized by arranging a plurality of electron-emit- 
ting devices on a substrate. Electron-emitting devices 
may be arranged on a substrate in a number of different 
modes. For instance, a number of surface conduction so 
electron-emitting devices as described earlier may be 
arranged in rows along a direction (hereinafter referred 
to row-direction), each device being connected by wir- 
ings at opposite ends thereof, and driven to operate by 
control electrodes (hereinafer referred to as grids or ss 
modulation means) arranged in a space above the elec- 
tron-emitting devices along a direction perpendicular to 
the row direction (hereinafter referred to as column- 
direction) or, alternatively as described below, a total of 



16 

m X-directional wirings and a total of n Y-directional wir- 
ings are arranged with an interlayer insulation layer dis- 
posed between the X-directional wirings and the Y- 
directional wirings along with a number of surface con- 
duction electron-emitting devices such that the pair of 
device electrodes of each surface conduction electron- 
emitting device are connected respectively to one of the 
X-directional wirings and one of the Y-directional wirings. 
The latter arrangement is referred to as a simple matrix 
arrangement. 

Now, the simple matrix arrangement will be 
described in detail. 

In view of the three basic features of a surface con- 
duction electron-emitting device according to the inven- 
tion, each of the surface conduction electron-emitting 
devices in a configuration of simple matrix arrangement 
can be controlled for electron emission by controlling the 
wave height and the pulse width of the pulse voltage 
applied to the opposite electrodes of the device above 
the threshold voltage level. On the other hand, the device 
does not emit any electron below the threshold voltage 
level. Therefore, in the case of a number of electron-emit- 
ting devices, desired surface conduction electron-emit- 
ting devices can be selected and controlled for electron 
emission in response to the input signal by applying a 
pulse voltage to each of the selected devices. 

Fig. 9 is a schematic plan view of the substrate of an 
electron source according to the invention realized by 
using the above features. In Fig. 9, the electron source 
comprises a substrate 91 carrying a plurality of surface 
conduction electron-emitting devices arranged thereon 
(hereinafter referred to a electron source substrate), X- 
directional wirings 92, Y-directional wirings 93, surface 
conduction electron-emitting devices 94 and connecting 
wires 95. The surface conduction electron-emitting 
devices may be either of the flat type or of the step type. 
In Fig. 9, the electron source substrate 91 may be a glass 
substrate and the number and configuration of the sur- 
face conduction electron-emitting devices arranged on 
the substrate may be appropriately determined depend- 
ing on the application of the electron source. 

There are provided a total of m X-directional wirings 

92, which are donated by DX1 , DX2 DXm and made 

of an electroconductive metal formed by vacuum depo- 
sition, printing or sputtering. These wirings are so 
designed in terms of material, thickness and width that 
a substantially equal voltage may be applied to the sur- 
face conduction electron-emitting devices. A total of n Y- 
directional wirings are arranged and donated by DY1, 
DY2 DYn, which are similar to the X-directional wir- 
ings 92 interms of material, thickness and width. An inter- 
layer insulation layer (not shown) is disposed between 
the m X-directional wirings 92 and the n Y-directional wir- 
ings 93 to electrically isolate them from each other, the 
m X-directional wirings and n Ydirectional wirings form- 
ing a matrix. Note that m and n are integers. 

The interlayer insulation layer (not shown) is typically 
made of Si02 and formed on the entire surface or part 
of the surface of the insulating substrate 91 to show a 
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desired contour by means of vacuum deposition, printing 
or sputtering. The thickness, material and manufacturing 
method of the interlayer insulation layer are so selected 
as to make it withstand any potential difference between 
an X-directional wiring 92 and a Y-directional wiring 93 
at the crossing thereof. Each of the X^jirectional wirings 
92 and the Y-directional wirings 93 is drawn out to form 
an external terminal. 

The oppositely arranged electrodes (not shown) of 
each of the surface conduction electron-emitting devices 
94 are connected to the related one of the m X-directional 
wirings 92 and the related one of the n Y-directional wir- 
ings 93 by respective connecting wires 95 which are 
made of an electroconductive metal and formed by vac- 
uum deposition, printing or sputtering. 

The electroconductive metal material of the device 
electrodes and that of the connecting wires 95 extending 
from the m X-directional wirings 92 and the n Y-direc- 
tional wirings 93 may be same or contain common ele- 
ments are components, the latter being appropriately 
selected depending on the former. If the device elec- 
trodes and the connecting wires are made of a same 
material, they may be collectively called device elec- 
trodes without discriminating the connecting wires. The 
surface conduction electron-emitting devices may be 
arranged directly on the substrate 91 or on the interlayer 
insulation layer (not shown). 

As will be described in greater detail hereinafter, the 
X-directional wirings 92 are electrically connected to a 
scan signal generating means (not shown) for applying 
a scan signal to a selected row of surface conduction 
electron-emitting devices 94 and scanning the selected 
row according to an input signal. 

On the other hand, the Y-directional wirings 93 are 
electrically connected to a modulation signal generating 
means (not shown) for applying a modulation signal to a 
selected column of surface conduction electron-emitting 
devices 94 and modulating the selected column accord- 
ing to an input signal. 

Note that the drive signal to be applied to each sur- 
face conduction electron-emitting device is expressed as 
the voltage difference of the scan signal and the modu- 
lation signal applied to the device. 

With the arrangement of simple matrix wiring as 
described above, an electron source according to the 
invention can selectively and independently drive individ- 
ual electron-emitting devices. 

Now, an image-forming apparatus according to the 
invention and comprising an electron source having a 
simple matrix arrangement as described above will be 
described by referring to Figs. 10, 1 1 A, 1 1 B and 1 2. This 
apparatus may be a display apparatus. 

Fig. 10 illustrates the basic configuration of the dis- 
play panel of the image-forming apparatus and Figs. 1 1 A 
and 1 1 B show two alternative fluorescent films that can 
be used for the purpose of the invention, while Fig. 12 is 
a block diagram of the drive circuit of the image-forming 
apparatus which is adapted for the NTSC system. 



Referring firstly to Fig. 10, the apparatus comprises 
an electron source substrate 91 of the above described 
type, a rear plate 1 01 rigidly holding the electron source 
substrate 91 , a face plate 106 produced by laying a flu- 

5 orescent film 1 04 and a metal back 1 05 on the inner sur- 
face of a glass substrate 103 and a support frame 102. 
An envelope 108 is formed for the apparatus as frit glass 
is applied to said rear plate 101. said support frame 1 02 
and said face plate 106, which are subsequently baked 

w to 400 to 500°C in the atmosphere or in nitrogen and 
bonded together to a hermetically sealed condition. 

In Fig. 10, reference numeral 94 denotes the elec- 
tron-emitting region of each electron-emitting device as 
illustrated in Fig. 9 and reference numerals 92 and 93 

is respectively denotes the X-directional wiring and the Y- 
directional wiring connected to the respective device 
electrodes of each electron-emitting device. 

While the envelope 108 is formed of the face plate 
106, the support frame 102 and the rear plate 101 in the 

20 above description, the rear plate 101 may be omitted if 
the substrate 91 is strong enough by Hself because the 
rear plate 101 is provided mainly for reinforcement. If 
such is the case, an independent rear plate 1 01 may not 
be required and the substrate 91 may be directly bonded 

25 to the support frame 1 02 so that the envelope 1 08 is con- 
stituted of a face plate 106, a support frame 102 and a 
substrate 101 . The overall strength against the atmos- 
pheric pressure of the envelope 108 may be increased 
by arranging a number of support members called spac- 

30 ers (not shown) between the face plate 1 06 and the rear 
plate 101. 

Figs. 1 1 A and 1 1 B schematically illustrate two pos- 
sible arrangements of fluorescent bodies to form a fluo- 
rescent film 104. While the fluorescent film 104 

35 comprises only fluorescent bodies if the display panel is 
used for showing black and white pictures, it needs to 
comprise for displaying color pictures black conductive 
members 1 1 1 and fluorescent bodies 1 12, of which the 
former are referred to as black stripes or members of a 

40 black matrix depending on the arrangement of the fluo- 
rescent bodies. Black stripes or members of a black 
matrix are arranged for a color display panel so that the 
fluorescent bodies 112 of three different primary colors 
are made less discriminable and the adverse effect of 

45 reducing the contrast of displayed images of external 
light is weakened by blackening the surrounding areas. 
While carbon black is normally used as a principal ingre- 
dient of the black stripes, other conductive material hav- 
ing low light transmissivity and reflectivity may 

so alternatively be used. 

A precipitation or printing technique may suitably be 
used for appl ying a fluorescent material on the glass sub- 
strate 1 03 regardless of black and white or color display. 
An ordinary metal back 105 is arranged on the inner 

55 surface of the fluorescent film 1 04. The metal back 1 05 
is provided in order to enhance the luminance of the dis- 
play panel by causing the rays of light emitted from the 
fluorescent bodies and directed to the inside of the enve- 
lope to turn back toward the face plate 106, to use it as 
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an electrode for applying an accelerating voltage to elec- 
tron beams and to protect the fluorescent bodies against 
damages that may be caused when negative ions gen- 
erated inside the envelope collide with them. It is pre- 
pared by smoothing the inner surface of the fluorescent 5 
film 104 (in an operation normally called "filming") and 
forming an Al film thereon by vacuum deposition after 
forming the fluorescent film 104. 

A transparent electrode (not shown) may be formed 
on the face plate 1 06 facing the outer surface of the flu- 10 
orescent film 104 in order to raise the conductivity of the 
fluorescent film 104. 

Care should be taken to accurately align each set of 
color fluorescent bodies and an electron-emitting device, 
if a color display is involved, before the above listed com- 15 
ponents of the enclosure are bonded together. 

The envelope 108 is then evacuated by way of an 
exhaust pipe (not shown) to a degree of vacuum of 
approximately 10" 7 tonr and hermetically sealed. A get- 
ter operation may be carried out after sealing the enve- 20 
lope 108 in order to maintain that degree of vacuum in 
it. A getter operation is an operation of heating a getter 
(not shown) arranged at a given location in the envelope 
1 08 immediately before or after sealing the envelope 1 08 
by resistance heating or high frequency heating to pro- 25 
duce a vapor deposition film. A getter normally contains 
Ba as a principle ingredient and the formed vapor depo- 
sition film can typically maintain the inside of the enclo- 
sure to a degree of 1x1 0" 5 to 10" 7 torr by its adsorption 
effect. 

Fig. 1 2 shows a block diagram of the drive circuit for 
driving the display panel of an image-forming apparatus 
comprising an electron source having a simple matrix 
arrangement as described above, said apparatus being 
designed for image display operation using NTSC tele- 
vision signals. 

In Fig. 12, reference numeral 121 denotes the dis- 
play panel. The circuit further comprises a scan circuit 
1 22, a control circuit 1 23, a shift register 1 24, a line mem- 
ory 125, a synchronizing signal separation circuit 126, a 
modulation signal generator 1 27 and a pair of DC voltage 
sources Vx and Va. 

Each component of the apparatus operates in a 
manner as described below. The display panel 121 is 
connected to external circuits via terminals Dox1 through 
Doxm, Doy1 through Doym and a high voltage terminal 
Hv, of which terminals Dox1 through Doxm are designed 
to receive scan signals for sequentially driving on a one- 
by-one basis the rows (of a total of N devices) of surface 
conduction electron-emitting devices arranged in the 
form of a matrix having M rows and N columns in the 
electron source. On the other hand, terminals Doy1 
through Doyn are designed to receive a modulation sig- 
nal for controlling the output electron beam of each of 
the surface-conduction type electron-emitting devices of 
a row selected by a scan signal. High voltage terminal 
Hv is fed by the DC voltage source Va with a DC voltage 
of a level typically around 10RV, which is sufficiently high 



to energize the fluorescent bodies of the selected sur- 
face-conduction type electron-emitting devices. 

The scan circuit 122 operates in a manner as fol- 
lows. 

The scan circuit 1 22 comprises M switching devices 
(which are schematically shown and denoted by symbols 
S1 and Sm in Fig. 12), each of which takes either the 
output voltage of the DC voltage source Vx or 0V (the 
ground potential) and comes to be connected with one 
of the terminals Dox1 through Doxm of the display panel 
121 . Each of the switching devices S1 through Sm oper- 
ates in accordance with control signal Tscan fed from the 
control circuit 123 and can be easily prepared by com- 
bining transistors such as FETs. 

The DC voltage source Vx of this mode of carrying 
out the invention is designed to output a constant voltage 
taking the characteristic properties (including the thresh- 
old voltage for electron emission) of the surface conduc- 
tion electron-emitting devices into consideration. 

The control circuit 1 23 coordinates the operations of 
related components so that images may be appropriately 
displayed in accordance with externally fed picture sig- 
nals. It generates control signals Tscan, Tsft and Tmry 
for the related components in response to synchronizing 
signal Tsync fed from the synchronizing signal separa- 
tion circuit 126. These control signals will be described 
later in greater detail hereinafter. 

The synchronizing signal separation circuit 126 sep- 
arates the synchronizing signal component and the lumi- 
nance signal component from an externally fed NTSC 
television signal and can be easily realized using a pop- 
ularly known frequency separation (filter) circuit. 
Although a synchronizing signal extracted from a televi- 
sion signal by the synchronizing signal separation circuit 
126 is constituted, as well known, of a vertical synchro- 
nizing signal and a horizontal synchronizing signal, it is 
simply designated as Tsync signal here for convenience 
sake, disregarding its component signals. On the other 
hand, a luminance signal drawn from a television signal, 
which is fed to the shift register 1 24, is designed as DATA 
signal. 

The shift register 124 carries out for each line a 
serial/parallel conversion on DATA signals that are seri- 
ally fed on a time series basis in accordance with control 
signal Tsft fed from the control circuit 1 23. In other words, 
a control signal Tsft operates as a shift clock for the shift 
register 1 24. A set of data for a line that have undergone 
a serial/parallel conversion (and correspond to a set of 
drive data for N electron-emitting devices) are sent out 
of the shift register 124 as n parallel signals Idl through 
Idn. 

The line memory 125 is a memory for storing a set 
of data for a line, which are signals Idl through Idn, for 
a required period of time according to control signal Tmry 
coming from the control droit 123. The stored data are 
sent out as I'd1 through I'dn and fed to modulation signal 
generator 127. 

The modulation signal generator 127 is in fact a sig- 
nal source that appropriately drives and modulates the 
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operation of each of the surface-conduction type elec- 
tron-emitting devices according to each of the picture 
data I'd1 through D'dn and output signals of this device 
are fed to the surface-conduction type electron-emitting 
devices in the display panel 121 via terminals Doy1 
through Doyn. 

As described above, an electron-emitting devices 
according to the present invention is characterized by the 
following features in terms of emission current le. There 
exists a clear threshold voltage Vth and the electron- 
emitting devices emit substantially no electron when a 
voltage that falls short of the threshold voltage Vth is 
applied thereto. 

On the other hand, when the voltage applied to the 
surface conduction electron-emitting devices exceeds 
the threshold level, the rate of electron emission of the 
surface conduction electron-emitting devices varies as a 
function of the voltage applied thereto. While the thresh- 
old voltage Vth for electron emission and the rate of elec- 
tron emission relative to the applied voltage may vary 
depending on the materials, the configuration and the 
manufacturing method of electronremitting devices, the 
following statement always holds true. 

When a pulse-shaped voltage is applied to an elec- 
tron-emitting device according to the invention, it emits 
substantially no electron if the applied voltage is found 
below the threshold voltage for electron emission but 
starts emitting electrons once the applied voltage 
exceeds the threshold level. Thus, firstly the rate of elec- 
tron beam emission of the device can be controlled by 
appropriately changing the wave height, or amplitude 
Vm, of the pulse-shaped voltage. Secondly, the total 
electric charge of the electron beams being emitted by 
the device can be controlled by appropriately changing 
the pulse width Pw of the applied voltage. 

Therefore, the electron-emitting device can be mod- 
ulated as a function of input signals either by voltage 
modulation or by pulse width modulation. The modula- 
tion signal generator 127 to be used for voltage modula- 
tion may comprise a circuit that generates a voltage 
pulse having a constant width and a variable wave height 
that varies as a function of input data. 

On the other hand, the modulation signal generator 
127 to be used for pulse width modulation comprises a 
circuit for generating a voltage pulse having a constant 
wave height and a variable pulse width that varies as a 
function of input data 

As a result of coordinated operation of the above 
described components, television images are displayed 
on the display panel 121 of the apparatus. Although it is 
not particularly mentioned above that the shift register 
124 and the line memory 125 may be either of digital or 
of analog signal type so long as serial/parallel conver- 
sions and storage of video signals are conducted at a 
given rate. 

If digital signal type devices are used, output signal 
DATA of the synchronizing signal separation circuit 126 
needs to be digitized. However, such conversion can be 
easily carried out by arranging an fiJD converter at the 



output of the synchronizing signal separation circuit 126. 
In connection with this, it should be noted that the circuit 
to be used for the modulation signal generator 127 may 
have to be slightly modified depending on if digital or ana- 

5 log signals are produced by the line memory 1 25. 

More specifically, when digital signals are used for 
voltage modulation, the modulation signal generator 127 
may suitably comprise a D/A conversion circuit, to which 
an amplifying circuit may appropriately be added if nec- 

10 essary. For pulse width modulation, the modulation sig- 
nal generator 127 may use a circuit typically comprising 
in combination a high speed oscillator, a counter for 
counting the number of waves produced by the oscillator 
and a comparator for comparing the output value of said 

is counter and that of said memory. H necessary, an ampli- 
fier may additionally be used to amplify the voltage of the 
modulation signal produced by the comparator and mod- 
ulated for pulse width to the level of the drive voltage of 
the surface conduction electron-emitting device. 

20 When, on the other hand, analog signals are used 
for voltage modulation, the modulation signal generator 
1 27 may suitably comprise an amplifying circuit involving 
an operational amplifier and a level shift circuit may 
appropriately be added thereto if necessary. For pulse 

25 width modulation, the modulation signal generator 127 
may comprise a voltage control type oscillation circuit 
(VCO), to which an amplifier may be added to amplify 
the voltage of the modulation signal to the level of the 
drive voltage of the surface conduction electron-emitting 

30 device. 

With an image-forming apparatus according to the 
invention and having a configuration as described above, 
the electron-emitting devices are selectively caused to 
emit electrons by applying a device voltage to them via 

35 the terminals Dox1 through Doxm and Doy1 through 
Doyn that are external to the envelope while applying a 
high voltage to the metal back 105 or the transparent 
electrode (not shown) via the high voltage terminal Hv in 
order to accelerate the emitted electron beams until they 

40 collide with an energize the fluorescent film 104 so that 
the latter emits light and display images. 

While the configuration of an image-forming appa- 
ratus according to the invention is schematically 
described above, the materials and details of the com- 

45 ponents are not limited to the above description and may 
be modified appropriately depending on the application 
o1 the apparatus. While the present invention is 
described above in terms of television image display 
using the NTSC television signal system, the TV signal 

so system to be used is not limited to a particular one and 
any other system such as PAL or SECAM may feasibly 
be used with it. An image-forming apparatus according 
to the invention is particularly suited for TV signals involv- 
ing a larger number of scanning lines typically of a high 

55 definition TV system such as the MUSE system because 
it can be used for a large display panel comprising a large 
number of scanning lines. 

Now, an electron source having a ladder-like 
arrangement and an image-forming apparatus compris- 
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ing such an electron source will be described for basic 
configuration by referring to Figs. 13A, 13B and 14. 

Referring to Figs. 13A and 13B showing two alter- 
native ladder-like arrangements of electron-emitting 
devices for an electron source, the electron source com- 
prises an electron source substrate 144, a number of 
electron-emitting devices 131 and paired common wir- 
ings Dx1 through Dx10 collectively denoted by 132 for 
wiring the electron-emitting devices. The electron-emit- 
ting devices 131 are arranged in a plurality of parallel 
rows running along the X-direction on the substrate 1 44 
(hereinafter referred to device rows). 

With such an arrangement, the device rows of the 
electron source can be independently driven by applying 
a drive voltage to the common wiring pairs (Dx1-Dx2, 
Dx3-Dx4 ( Dx5-DX6, Dx7-Dx8, Dx9-Dx10). In other 
words, a voltage higher than the threshold voltage is 
applied to one or more than one device rows that have 
to emit electron beams whereas a voltage lower than the 
threshold level is applied to the remaining device rows 
that are not expected to emit electron beams. Alterna- 
tively, a single common wiring may be used for any two 
adjacent device rows (and common wirings Dx2 and 
Dx3. Dx4 and Dx5, Dx6 and Dx7 and Dx8 and Dx9 may 
be replaced by respective single common wirings). 

Fig. 1 4 is a schematic perspective view of thedisplay 
panel of an image-forming apparatus according to the 
invention incorporating an electron source having a lad- 
der-like arrangement of electron-emitting devices. In Fig. 
14, the display panel comprises grid electrodes 140, 
each provided with a number of through bores 141 for 
allowing electrons to pass therethrough, external termi- 
nals Dox1, Dox2 Doxm collectively denoted by 142, 

external terminals G1 , G2 Gn collectively denoted by 

143 and connected to the respective grid electrodes and 
an electron source substrate 144 as shown in Fig. 13B. 
Note that the same components are respectively 
denoted by the same reference symbols in Figs. 13 A, 
l3Band14. 

The display panel of Fig. 1 4 remarkably differs from 
that of the image-forming apparatus of Fig. 10 having a 
simple matrix arrangement in that it additionally com- 
prises grid electrodes 140 arranged between the elec- 
tron source substrate 144 and the face plate 106. 

As described above, strip-shaped grid electrodes 
140 are arranged between the substrate 144 and the 
face plate 106 in Fig. 14 and rectangularly relative to the 
devices rows arranged in a ladder-like manner in such a 
way that they can modulate electron beams emitted from 
the surface conduction electron-emitting devices of the 
electron source. The grid electrodes are provided with 
circular through bores 141 that are as many as the elec- 
tron-emitting devices to make one-to-one correspond- 
ence. However, the profile and the location of the grid 
electrodes are not limited to those of Fig. 1 4 and may be 
modified appropriately so long as they are arranged near 
or around the electron-emitting devices. Likewise, the 
through bores 141 may be replaced by meshes or the 
like. 



The external terminals 142 and the external termi- 
nals for the grids 1 43 are electrically connected to a con- 
trol circuit (not shown). 

An image-forming apparatus having a configuration 

s as described above can control the fluorescent film for 
electron beam irradiation by simultaneously applying 
modulatin signals to the columns of grid electrodes for a 
single line of an image in synchronism with driving the 
electron-emitting devices on a row by row basis so that 

to the image can be displayed on a line by line basis. 

Thus, a display apparatus according to the invention 
and having a configuration as described above can have 
a wide variety of industrial and commercial applications 
because it can operate as a display apparatus for televi- 

75 sion broadcasting, as a terminal apparatus for video tel- 
econferencing and as an optical printer if it is combined 
with a photo-sensing drum. 
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[Examples] 

Now, the present invention will be described in 
greater detail by way of examples. 

(Example 1) 

The method of manufacturing electron-emitting 
devices will be described below in terms of an experi- 
ment conducted on specimens, referring to Figs. 7A and 
7B and Figs. 3Ato 3C. 

Step a: 



After thoroughly cleansing a soda lime glass plate a 
silicon oxide film was formed thereon to a thickness of 

35 0.5 microns by sputtering to produce a substrate 1, on 
which a pattern of photoresist (RD-2000N-41 : available 
from Hitachi Chemical Co., Ltd.) was formed for a pair of 
device electrodes and a gap separating the electrodes 
and then Ti and Ni were sequentially deposited thereon 

40 respectively to thicknesses of 50 A and 1,000 A by vac- 
uum deposition. The photoresist pattern was dissolved 
in an organic solvent and the Ni/Ti deposit film was 
treated by using a lift-off technique to produce a pair of 
device electrodes 5 and 6 having a width W of 300 

45 microns and separated from each other by a distance L 
of 20 microns (Fig. 3A). 

Stepb: 

so A mask having opening for the gap L separating the 
device electrodes and its vicinity was used to form a Cr 
film to a film thickness of 1 ,00oA by vacuum deposition, 
which was then subjected to a patterning operation. 
Thereafter, organic Pd (ccp4230: available from Okuno 

55 Pharmaceutical Co., Ltd.) was applied to the Cr film by 
means of a spinner, while rotating the film, and baked at 
300°C for 10 minutes to produce an electroconductive 
film for forming an electron-emitting region, which was 
made of fine particles containing PdOx as a principal 
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ingredient and had afilm thickness of 1 00 angstroms and 
an electric resistance per unit area of 5x1 O^a 

Note that the term "a fine particle film" as used 
herein refers to a thin film constituted of a large number 
of fine particles that may be loosely dispersed, tightly 
arranged or mutually and randomly overlapping (to form 
an island structure under certain conditions). The diam- 
eter of fine particles to be used for the purpose of the 
present invention is that of recognizable fine particles 
arranged in any of the above described states. 

Step c: 

The Cr film and the baked electroconductive film for 
forming an electron-emitting region were etched by using 
an acidic etchant to produce an electroconductive film 4 
having a desired pattern (Fig. 3B). 

Now, a device having a pair of device electrodes and 
an electroconductive film disposed between the elec- 
trodes on the substrate was prepared. 

Step d: 

Then, the substrate of the device was set in position 
in a gauging system as illustrated in Fig. 4 and the inside 
of the vacuum chamber of the system was evacuated by 
means of an exhaust pump to a degree of vacuum of 
1x1 0" 6 torr. Subsequently, a voltage Vf was applied for 
60 seconds from the power source 31 to the device elec- 
trodes 5, 6 to electrically energize the device (electric 
forming process) and produce a locally deformed (fis- 
sured) section (electron emitting region) 3 in the electro- 
conductive film (Fig. 3C). 

Fig. 5B shows the voltage waveform used for the 
electric forming process. 

In Fig. 5B, T1 and T2 respectively denote the pulse 
width and the pulse interval of the applied pulse voltage, 
which were respectively 1 millisecond and 10 millisec- 
onds for this example. The wave height (the peak voltage 
for the forming operation) of the applied pulse voltage 
was increased stepwise with steps of 0.1V. 

It was found that fine particles containing palladium 
oxide as a principal ingredient were dispersed in the 
electron emitting region 3 of the device produced by fol- 
lowing the above steps, the average diameter of the par- 
ticles being 30 angstroms. 

Step e: 

Subsequently, the electroconductive film 4 of the 
device that had undergone an electric forming operation 
was subjected to a chemical reduction process. 

In this process, the device and a monitoring device 
that had not been processed for electric forming (but had 
undergone the steps of through c above) were arranged 
in an apparatus having a configuration as shown in Fig. 
4 and then heated to 130°C to 200°C for approximately 
10 hours, while keeping the inside of the apparatus to a 
degree of vacuum of 1x10" 6 torr. 



After the chemical reduction process, it was found 
that the electroconductive film containing PdOx as a prin- 
cipal ingredient of the monitoring device without an elec- 
tric forming process had been chemically reduced to 

5 become a film of fine particles of Pd metal having an 
electric resistance per unit area of 5x1 0 2 Q/a or a value 
smaller than the resistance before the chemical reduc- 
tion by two digits. 

In an attempt to see the properties of the electron- 
ic emitting device prepared throughout the preceding 
steps, it was observed for electron-emitting perform- 
ance, using a measuring system as illustrated in Fig. 4. 
In the above observation, the distance H between the 
anode 34 and the electron-emitting device was 4mm and 

15 the potential of the anode 34 was 1 kV, while the degree 
of vacuum in the vacuum chamber of the system was 
held to 1x10"6 torr throughout the gauging operation. 

A device voltage was applied between the device 
electrodes 5, 6 of the device to see the device current If 

20 and the emission current le under that condition. Fig. 6 
shows the current-voltage relationships obtained as a 
result of the observation. 

An emission current le began to flow through the 
device immediately when the device voltage (Vf) became 

25 as high as 8V and a device current If of 3.0 mA and an 
emission current of 1 .5 microA were observed when the 
device voltage rose to 14V to provide an electron emis- 
sion efficiency ii =le/lfx100(%) of 0.05%. 

When thedevcie was observed before the chemical 

30 reduction process, the film of PdO fine particles (electro- 
conductive film) of the device showed an electric resist- 
ance of 3.5kQ and the fissured area had an electric 
resistance of 4.7k£X After the chemical reduction proc- 
ess, it was found that the electric resistance of the film 

35 of PdO fine particles of the electron-emitting device was 
as low as 35Q, which was negligible when compared with 
that of the fissured area. 

In other words, for an electron-emitting device after 
a chemical reduction process according to the invention 

40 to obtain the same electron emission rate as a device 
before the process having required a device voltage of 
24.6V, the device after the process required a power con- 
sumption rate of only 42 milliw whereas it was 73.8 milliW 
for the device before the process, i.e. the former being 

45 57% of the latter, thus proving a significant saving of 
power. 

(Example 2) 

so This example relates to an electron source compris- 
ing a plurality of electron-emitting devices produced by 
the method of Example 1 and an image-forming appara- 
tus incorporating such an electron source. 

Fig. 15 shows a schematic partial plan view of the 

55 electron source and Fig. 16 shows a schematic partial 
isectional viewtaken along line A-A' of Fig. 1 5. while Figs. 
17A to 17F and 18G to 181 illustrate schematic partial 
sectional views of the electron source shown in different 
manufacturing steps. Note that same or similar compo- 
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nents are respectively designated by same reference 
symbols throughout Figs. 15 through 181. 

91 denotes a substrate and 92 and 93 respectively 
denote X- and Y-directional wirings (which may be called 
lower and upper wirings respectively) that correspond to s 
Dxm and Dyn in Rg. 9. Otherwise, the electron source 
comprises electron-emitting devices, each having an 
electroconductive film 4 and a pair of device electrodes 
5 and 6, an irrterlayer insulation layer 161 and a number 
of contact holes, each of which is used to connect a 10 
device electrode 5 with a related lower wiring 92. 

Now, the steps of manufacturing an electron source 
and an image-forming apparatus incorporating such as 
electron source used in this example will be described 
in detail. *s 

Step a: 

After thoroughly cleansing a soda lime glass plate a 
silicon oxide film was formed thereon to a thickness of 20 
0.5 microns by sputtering to produce a substrate 91, on 
which Cr and Au were sequentially laid to thicknesses of 
50 angstroms and 6,000 angstroms respectively and 
then a photoresist (AZ1370: available from Hoechst Cor- 
poration) was formed thereon by means of a spinner, 25 
while rotating the film, and baked. Thereafter, a photo- 
mask image was exposed to light and developed to pro- 
duce a resist pattern for the lower wirings 92 and then 
the deposited Au/Cr film was wet-etched to produce 
lower wirings 92 having a desired profile (Fig. 1 7A). 30 

Stepb: 

A silicon oxide film was formed as an intertayer insu- 
lation layer 1 61 to a thickness of 1 .0 micron by RF sput- 35 
tering (Rg. 17B). 

Step c: 

A photoresist pattern was prepared for producing 40 
contact holes 162 in the silicon oxide film deposited in 
Step b, which contact holes 162 were then actually 
formed by etching the interlayer insulation layer 161, 
using the photoresist pattern tor a mask (Rg. 1 7C). 

RIE (Reactive Ion Etching) using CF4 and H 2 gas 45 
was employed for the etching operation. 

Stepd: 

Thereafter, a pattern of photoresist (RD-2000N-41 : so 
available from Hitachi Chemical Co., Ltd.) was formed 
for pairs of device electrodes 5 and 6 and gaps L1 sep- 
arating the respective pairs of electrodes and then Ti and 
Ni were sequentially deposited thereon respectively to 
thicknesses of 50 A and 1 ,000 A by vacuum deposition, ss 
The photoresist pattern was dissolved by an organic sol- 
vent and the Ni/Ti deposit film was treated by using a lift- 
off technique to produce pairs of device electrodes 5 and 
6, each pair having a width of 300 microns and separated 



from each other by a distance L1 of 20 microns (Fig. 
17D). 

Step e: 

After forming a photoresist pattern on the device 
electrodes 5, 6 for upper wirings 93, Ti and Au were 
sequentially deposited by vacuum deposition to respec- 
tive thicknesses of 50 angstroms and 5,000 angstroms 
and then unnecessary areas were removed by means of 
a lift-off technique to produde upper wirings 93 having a 
desired profile (Rg. 17E). 

Stepf: 

A mask was prepared for the electroconductive films 
2 of the devices. 

The mask had an opening for the gap L1 separating 
the device electrodes and its vicinity of each device. The 
mask was used to form a Cr film 171 to a film thickness 
of 1 ,000 A by vacuum deposition, which was then sub- 
jected to a patterning operation. Thereafter, organic Pd 
(ccp4230: available from Okuno Pharmaceutical Co., 
Ltd.) was applied to the Cr fflm by means of a spinner, 
while rotating thefilm, and baked at 300°Cfor 10 minutes 
(Fig.17F). 

The formed electroconductive films 2 were made of 
fine particles containing PdOx as a principal ingredient 
and had a film thickness of 1 00 angstroms and an electric 
resistance per unit area of 5 x 10 4 O/tj. 

Note that the term "a fine particle film" as used 
herein refers to a thin film constituted of a large number 
of fine particles that may be loosely dispersed, tightly 
arranged or mutually and randomly overlapping (to form 
an island structure under certain conditions). The diam- 
eter of fine particles to be used for the purpose of the 
present invention is that of recognizable fine particles 
arranged in any of the above described states. 

Stepg: 

The Cr film 1 71 and the baked electroconductive film 
2 were etched by using an acidic etchant to produce a 
desired pattern (Fig. 18G). 

Step h: 

Then, a pattern for applying photoresist to the entire 
surface area except the contact holes 1 62 was prepared 
and Ti and Au were sequentially deposited by vacuum 
deposition to respective thicknesses of 50 angstroms 
and 5,000 angstroms. Any unnecessary areas were 
removed by means of a lift-off technique to consequently 
bury the contact holes 162 (Fig. 18H). 

Now. lower wirings 92, an interlayer insulation layer 
161 , upper wirings 93, and devices comprising pairs of 
device electrodes 5 and 6 and electroconductive films 2 
were produced on the substrate 91 . 
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Then, an electron source comprising the above elec- 
tron source substrate and an image-forming apparatus 
incorporating such an electron source were prepared. 
This will be described below by referring to Figs. 10. 1 1 A 
and11B. 

The substrate 91 carrying thereon a large number 
of devices prepared according to the above described 
process was rigidly fitted to a rear plate 101 and there- 
after a face plate 106 (prepared by forming a fluorescent 
film 104 and a metal back 105 on a glass substrate 103) 
was arranged 5 mm above the substrate 91 by interpos- 
ing a support frame 102 therebetween. Frit glass was 
applied to junction areas of the face plate 106, the sup- 
port frame 102 and the rear plate 101 , which were then 
baked at 400°C for 15 minutes in the atmosphere and 
bonded together to a hermetically sealed condition (Fig. 
1 0). The substrate 91 was also firmly bonded to the rear 
plate 101 by means of frit glass. 

In Fig. 10, reference numerals 92 and 93 respec- 
tively denote X- and Ydirectional wirings. 

While the fluorescent film 104 may be solely made 
of fluorescent bodies if the image-forming apparatus is 
for black and white pictures, firstly black stripes were 
arranged and then the gaps separating the black stripes 
were filled with respective fluorescent bodies for primary 
colors to produce a fluorescent film 104 for this example 
(Fig. 11 A). The black stripes were made of a popular 
material containing graphite as a principal ingredient. 
The fluorescent bodies were applied to the glass sub- 
strate 1 03 by using a slurry method. 

A metal back 105 is normally arranged on the inner 
surface of the fluorescent film 104. In this example, a 
metal back was prepared by producing an Al film by vac- 
uum deposition on the inner surface of the fluorescent 
film 104 that had been smoothed in a so-called filming 
process. The face plate 1 06 may be additional ly provided 
with transparent electrodes (not shown) arranged close 
to the outer surface of the fluorescent film 104 in order 
to improve the conductivity of the fluorescent film 104, 
no such electrodes were used in this example because 
the metal back proved to be sufficiently conductive. 

The fluorescent bodies were carefully aligned with 
the respective devices before the above described bond- 
ing operation. 

The prepared glass container was then evacuated 
by means of an exhaust pipe (not shown) and an exhaust 
pump to achieve a sufficient degree of vacuum inside the 
container. Thereafter, the electroconductive film 2 of 
each of the devices arranged on the substrate 91 was 
subjected to an electric forming operation, where a volt- 
age was applied to the device electrodes 5, 6 of the 
devices by way of the external terminals Dox1 through 
Doxm and Doy1 through Doyn to produce an electron- 
emitting region 3 in each electroconductive film 2. 

The voltage used in the forming operation had a 
waveform same as the one shown in Fig. 5B. Referring 
to Fig. 5B, T1 and T2 were respectively 1 milliseconds 
and 10 milliseconds and the electric forming operation 
was carried out in vacuum of a degree of approximately 



1 x 10" 6 torr. The wave height (the peak voltage for the 
forming operation) of the applied pulse voltage was 
increased stepwise with steps of 0.1 V. 

A monitoring device was also prepared without sub- 
5 jecting them to an electric forming operation so that it 
may be used to monitor the electric resistance of each 
device during a subsequent chemical reduction process, 
which will be described hereinafter. 

Dispersed fine particles containing palladium oxide 
10 as a principal ingredient were observed in the electron- 
emitting regions 3 of the electron-emitting devices that 
had been produced in the above process. The fine par- 
ticles had an average particle diameter of 30 angstroms. 

is Step i; 

Subsequently, the electroconductive f 1m 4 including 
an electron-emitting region each of the electron-emitting 
device was subjected to a chemical reduction process 
so (Fig. 181). 

In this process, the enclosure comprising a face 
plate 106, a support frame 1 02 and a rear plate 101 was 
evacuated by means of an exhaust pump to a degree of 
vacuum of 1 x 1 0"6 torr and then the devices were heated 
25 to 1 30°C to 200°C for approximately 1 0 hours in the vac- 
uum. After the chemical reduction process, it was found 
that the electroconductive film 2 (film of PdO fine parti- 
cles) of the control device without an electric forming 
process had been chemically reduced to become a film 
30 of fine particles of Pd metal having an electric resistance 
per unit area of 5 x 10 2 Q/n or a value smaller than the 
resistance before the chemical reduction by two digits. 

Thus, the operation of preparing an electron source 
was completed as the devices arranged on the substrate 
35 91 had been subjected to an electric forming operation 
to produce electron-emitting regions 3 and a chemical 
reduction process. 

Thereafter, the enclosure was evacuated to a 
degree of vacuum of approximately of 1 0" 6 torr and then 
40 hermetically sealed by melting and closing the exhaust 
pipe (not shown) by means of a gas burner. 

The apparatus was subjected to a getter process 
using a high frequency heating technique in order to 
maintain the degree of vacuum in the apparatus after the 
45 sealing operation, where a getter disposed at a prede- 
termined position (not shown) in the enclosure was 
heated by high frequency heating immediately before the 
sealing operation to form a film as a result of vapor dep- 
osition. The getter is a material containing Ba as a prin- 
so cipal component. 

The electron source having a simple matrix arrange- 
ment as described above was then used to produce an 
image-forming apparatus adapted for the NTSC televi- 
sion system. The image-forming apparatus was com- 
55 plete with a drive circuit as illustrated in Fig. 12 and 
described earlier. Pulse modulation was used for the 
image-forming apparatus. 

The electron-emitting devices of the above image- 
forming apparatus were then caused to emit electrons 
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by applying a drive voltage thereto through the external 
terminals Dox1 through Doxm and Doy1 through Doyn 
and the emitted electrons were accelerated by applying 
a high voltage of 1 0 kV to the metal back 1 05 via the high 
voltage terminal Hv so that they collides with the fluores- 
cent film 104 until the latter was energized to emit light 
and produce images. As the image-forming apparatus of 
this example had undergone a chemical reduction proc- 
ess tor the electroconductive films of the electron-emit- 
ting devices in the process of manufacturing them, it has 
a feature of low energy consumption rate for operation. 

(Example 3) 

A chemical reduction process was carried out in a 
reducing atmosphere for this example. 

An electron-emitting device having a configuration 
as illustrated in Figs. 7 A, 7B was prepared by following 
Steps a through e. of which Steps a through d are same 
as those of Example 1 above. So, only Step e will be 
described here. 

Step e: 

As in the case of Example 1 , an electron-emitting 
device comprising a pair of electrodes 5 and 6 and an 
electroconductive film 4 including an electron-emitting 
region 3 arranged on a substrate 1 (Fig. 3C) and a mon- 
itoring device that had not been subjected to an electric 
forming operation (or that had undergone Steps a 
through c) were place in a vacuum apparatus as shown 
in Fig. 4, into which nitrogen gas containing hydrogen by 
2% was introduced from a, reducing gas cylinder as 
shown in Fig. 19 until it showed a partial pressure of 1 
millitorr at room temperature in the apparatus, when the 
devices were heated to temperature between 1 30°C and 
200°C and kept to that temperature for approximately an 
hour. 

After the chemical reduction process for an hour, it 
was found that the electroconductive film containing 
PdOx as a principal ingredient of the monitoring device 
without an electric forming process had been chemically 
reduced to become a film of fine particles of Pd metal 
having an electric resistance per unit area of 5 x 10 2 CUa 
or a value smaller than the resistance before the chem- 
ical reduction by two digits. 

In an attempt to see the properties of the electron- 
emitting device prepared through the preceding steps, it 
was observed for electron-emitting performance, using 
a gauging system as illustrated in Fig. 4. In the above 
observation, the distance H between the anode 34 and 
the electron-emitting device was 4 mm and the potential 
of the anode 34 was 1 kV, while the degree of vacuum 
in the vacuum chamber of the system was held to 1 x 
10"6 torr throughout the gauging operation. 

A device voltage was applied between the device 
electrodes 5, 6 of the device to see the device current If 
and the emission current le under that condition. Fig. 6 



shows the current-voltage relationships obtained as a 
result of the observation. 

An emission current le began to flow through the 
. device immediately when the device voltage (Vf) became 

5 as high as 14 V and a device current le of 2.2 milliA and 
an emission current le of 1.1 microA were observed 
when the device voltage rose to 14 V to provide an elec- 
tron emission efficiency 6= Ie/lfx100(%) of 0.05%. 
When the device was observed before the chemical 

w reduction process, the film of PdO fine particles (electro- 
conductive film) of the device showed an electric resist- 
ance of 3.5 k£ and the fissured area had an electric 
resistance of 6.4 k£l After the chemical reduction proc- 
ess, it was found that the electric resistance of the film 

75 of PdO fine particles of the electron-emitting device that 
had undergone a chemical reduction process (the device 
of this example) was as low as 35 which was negligible 
when compared with that of the fissured area. 

In other words, for an electron-emitting device after 

20 a chemical reduction process according to the invention 
to obtain the &ame electron emission rate as a device 
before the process having required a device voftage of 
22 V, the device after the process required a power con- 
sumption rate of only 31 milliW, whereas it was only 48 

25 milliW for the device before the process, i.e.. the former 
being two thirds of the latter, thus proving a significant 
saving of power. 

Note that the duration of chemical reduction process 
was as short as an hour and this fact can greatly contrib- 

30 ute to raising the rate of manufacturing electron-emitting 
devices of the type under consideration. Additionally, 
since the chemical reduction process is conducted in an 
electric furnace under the atmospheric pressure, the 
entire facility required for manufacturing electron-emit- 

35 ting devices can be remarkably simplified. 

(Example 4) 

A total of twenty-five electron-emitting devices each 
40 having a configuration as shown in Figs. 7A and 7B were 
prepared. 

The process of preparing the electron-emitting 
devices will be described below in terms of a single 
device by referring to Figs. 3A to 3C and Figs. 7Aand 7B. 

45 

Step a: 

A silicon oxide film was formed on a thoroughly 
cleansed soda lime glass plate to a thickness of 0.5 

so microns by sputtering to produce a substrate 1 , on which 
a pattern of photoresist (RD-2000N-41 : available from 
Hitachi Chemical Co.. Ltd.) was formed for a pair of 
device electrodes and a gap separating the electrodes 
and then Ti and Ni were sequentially deposited thereon 

55 respectively to thicknesses of 5 nm and 1 00 nm by vac- 
uum deposition. 

The photoresist pattern was dissolved in an organic 
solvent and the Ni/Ti deposit film was treated by using a 
lift-off technique to produce a pair of device electrodes 5 
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and 6 having a width W of 300 microns and separated 
from each other by a distance L of 20 microns (Fig. 3A). 

Stepb: 

A Cr film was deposited by vacuum deposition on 
the entire surface of the substrate prepared in Step a and 
including the device electrodes 5 and 6 to a film thickness 
of 50 nm and then subjected to a patterning operation, 
using a mask (not shown) having opening with a length 
not smaller than Land a width W for the gap separating 
the device electrodes and its vicinity. The film was then 
developed and etched for the opening to expose the gap 
L separating the electrodes and part of the device elec- 
trodes 5, 6, to produce a Cr mask having a width W of 
100 urn. Thereafter, organic Pd (ccp4230: available from 
Okuno Pharmaceutical Co., Ltd.) was applied to the Cr 
film by means of a spinner, while rotating the film, and 
baked at 300°C for 10 minutes. Thereafter, the Cr film 
was etched by an acidic etchant and treated by using a 
lift-off technique to produce an electroconductive film 4 
(Fig. 3B). 

The produced electroconductivefilm 4 was made of 
fine particles containing PdO as a principal ingredient 
and had a film thickness of 1 00 angstroms and an electric 
resistance per unit area of 2 x 10 4 QJn. 

Note that the term "a fine particle film" as used 
herein refers to a thin film constituted of a large number 
of fine particles that may be loosely dispersed, tightly 
arranged or mutually and randomly overlapping (to form 
an island structure under certain conditions). The diam- 
eter of fine particles to be used for the purpose of the 
present invention is that of recognizable fine particles 
arranged in any of the above described states. 

Now, a pair of device electrodes 5, 6 and an elec- 
tronconductive film 4 were formed on the substrate 1 for 
all the devices through the above steps. 

Stepc: 

Then, the devices were set in position in a measur- 
ing system as illustrated in Fig. 4 and the inside of the 
vacuum chamber of the system was evacuated by 
means of an exhaust pump to a degree of vacuum of 2 
x 10~ 5 torr. Subsequently, a voltage Vf was applied from 
the power source 31 to the device electrodes 5, 6 of 
twenty four devices out of the twenty five devices to elec- 
trically energize the devices (electric forming process). 

Fig. 5B shows the voltage waveform used for the 
electric forming process. 

In Fig. 5B, T1 and T2 respectively denote the pulse 
width and the pulse interval of the applied pulse voltage, 
which were respectively 1 millisecond and 10 millisec- 
onds for this example. The wave height (the peak voltage 
for the forming operation) of the applied pulse voltage 
was increased stepwise with steps of 0.1 V. During the 
electric forming operation, an additional pulse voltage of 
0.1 V was inserted in each interval of T2 for measuring 
the resistance and the application of pulse voltage was 



terminated to complete the electric forming process 
when the resistance measured by using a pulsed voltage 
exceeded about 1 M£l 

In the period from the beginning to the end of an 

5 electric forming process, the device current If gets to a 
maximum level of Imax, the voltage (or the wave height 
of the pulse voltage) corresponding to Imax being 
denoted by forming voltage Vform. 

The forming voltage Vform for the above devices 

10 was approximately 7.0 V. 

Stepd: 

Subsequently, a protective film forming operation 

75 was conducted on twelve out of the twenty four devices 
that had been subjected to the electric forming process. 
In this operation, a pulse voltage as shown in Fig. 5 A and 
having a wave height value of 14 V was applied to the 
device electrodes 5, 6 of the devices in order to cause 

20 them emit electrons. The emitted electrons operated to 
decompose carbon compounds into carbon atoms, 
which were deposited on and near the electron -emitting 
regions 3 of the devices to produce a protective film. 
The twelve devices subjected to the protective film 

25 forming operation are called devices A, whereas the 
remaining twelve devices not subjected to the protective 
film forming operation after the electric forming process 
are called devices B. 

For the protective film forming operation, a pulse 

30 voltage was applied to the device electrodes 5, 6 of each 
device while observing the emission current le in the 
apparatus of Fig. 4, the inside of which apparatus was 
maintained to a degree of vacuum of 1 .5 x 1 0" 5 torr. 
The emission current le became saturated in 

35 approximately 30 minutes, when the protective film form- 
ing operation was terminated. 

Step e: 

40 All the devices including the one that had not under- 
gone an electric forming process were then subjected to 
a chemical reduction process. 

In this operation, nitrogen gas containing hydrogen 
by 2% was introduced through a reducing gas inlet pipe 

45 (not shown) under the control of a mass flow controller 
(not shown) until it showed a partial pressure of 1 miltitorr 
in the vacuum apparatus. 

As the twenty five devices were exposed to this 
atmosphere for an hour, the electroconductive films 4 of 

so the devices containing PdO as a principal ingredient 
were chemically reduced to become so many films of fine 
Pd particles that showed an electric resistance per unit 
area of 5 x 1 0 2 OJo or a value smaller than the resistance 
before the chemical reduction by two digits. 

55 The change in the electric resistance of thef ilms was 
confirmed by measuring the electric resistance between 
the device electrodes (hereinafter referred to as device 
resistance) of the single electron-emitting device that 
had not been subjected to an electric forming operation 
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before and after the chemical reduction process. More 
specifically, the device resistance of the device was 4 kO 
before the chemical reduction and approximately 100 Q 
after the chemical reduction. 

In numerical terms, when an electron-emitting 
device prepared in a manner as described above is 
driven under the above described condition, a device 
current of approximately 1 mA flows through the device. 

If the electroconductive film 4 of the device is not 
chemically reduced, the device voltage shows a drop of 
approximately 4 V at the electroconductive film 4 due to 
the relatively high electric resistance of the lateral por- 
tions of the film arranged at the opposite ends of the elec- 
tron emitting region 3 to ineffectively consume power at 
a rate of 4 mW. 

As seen from the graph of current-voltage relation- 
ship of a surface conduction electron-emitting device 
illustrated in Fig. 6, the emission current sharply or expo- 
nentially rises relative to the device voltage when the lat- 
ter gets to Vth. Therefore, an electroconductive film 4 that 
has not been treated for chemical reduction not only con- 
sumes power ineffectively but also lowers the voltage 
applied to the electron emitting region 3 and hence the 
rate of electron emission as the voltage drops at the lat- 
eral portions of the film. 

So. in order for the emission current of an electron- 
emitting device that has not been treated for chemical 
reduction to become equal to that of an electron-emitting 
device that has undergone a chemical reduction proc- 
ess, the drive voltage of the former device has to be 
made approximately 4 V higher than that of the latter 
device. 

In other words, a chemical reduction process is 
highly effective for efficiently driving a surface conduction 
electron-emitting device with a low voltage and a low 
energy consumption rate. 

In order to further look into the profile and the per- 
formance of the surface conduction electron-emitting 
devices prepared through the above steps, one of the 
devices A and one of the devices B were picked up and 
observed through an electron microscope and the 
remaining devices were tested on a one by one basis in 
the apparatus of Fig. 4. The electron-emitting device to 
be tested was separated from the anode 34 by 4 mm and 
a voltage of 1 kV was applied to the anode 34 while main- 
taining the inside of the vacuum apparatus to a degree 
of vacuum of 1 x 10~ 6 torr during the test. 

A device voltage of 1 4 V was applied to each of the 
tested devices A and B to see the device current If and 
the emission current le. 

When the twelve devices A is compared with the 
twelve devices B, the average device current If of the 
devices A was 1 .0 mA and that of the devices B was 1 .2 
m A for the device voltage of 1 4 V whereas the emission 
current le of the former was 0.5 microA and that of the 
latter was 0.45 microA to provide an electron emission 
efficiency e = Ie/lfx100(%) of 0.05% for the devices A 
and 0.04% for the devices B. The standard deviation of 
the dispersed emission current values relative to the 



average was approximately 6% for the devices A and 
approximately 10% for the devices B. 

From the above observations, it was proved that the 
devices A had an ineffective current (part of the device 

s current that does not contribute to electron emission) 
lower than that of the devices B and the former were also 
superior to that latter in terms of electron emission effi- 
ciency and uniformity. 

As a result of electron microscope observation, it 

10 was found that the sampled device A had a protective 
film 1 1 at the interface of the electroconductive film 4 and 
the substrate 1 near the electron emitting region 3 on 
both the positive and negative sides as illustrated in Fig. 
20, although the protective film was particularly remark- 

75 able on the positive electrode side. While a similar film 
was observed on the sample device B, it was markedly 
poor and not found in certain necessary areas. 

When observed through an FE-SEM having a large 
magnification, it was found that the electroconductive 

20 film 4 of fine particles of each of the devices B that had 
been treated for chemical reduction without a protective 
film had been partly deformed and displaced in the vicin- 
ity of the electron emitting region 3. As the electron emit- 
ting region 3 had been partly covered back by the 

25 electroconductive film 4, the device electrodes 5 and 6 
were slightly short-circuited through narrow routes of 
electric current. This might prove that the electron emit- 
ting region 3 had been partly destroyed as a result of 
chemical reduction. Contrary to this, such phenomena 

30 were not observed on the devices A that had been sub- 
jected to chemical reduction with a protective film. 

It seemed that the protective film 1 1 had also been 
formed in periphery areas of and gaps separating metal 
fine particles of the electroconductive film 4. By observ- 

35 ing the protective film through a TEM and a Raman spec- 
troscope, it was found that the protective film 11 was 
composed of carbon mainly in the form of graphite and 
amorphous carbon or carbon compounds. 

From the above observations, it can safely be con- 

40 eluded that the electron emitting region 3 and the remain- 
ing areas of the electroconductive film of fine particles of 
each of the device B were partly destroyed and displaced 
during the chemical reduction process as the surface 
energy was activated on the electroconductive film near 

45 and around the electron emitting region 3, leading to dif- 
ferentiated performances among the devices B. On the 
other hand, the protective film 1 1 of carbon or carbon 
compounds formed near and around the electron emit- 
ting region 3 of each of the devices A effectively pre- 

so vented the electron emitting region 3 from being 
destroyed during the chemical reduction process so that 
the reduction process proceeded stably to produce uni- 
form devices A. 

55 (Example 5) 

This example relates to an image-forming apparatus 
comprising a plurality of electron-emitting devices of the 
type A produced by the method of Example 2, where the 
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electroconductive films 4 are made of Sn0 2 and the elec- 
tron-emitting devices are arranged to form a simple 
matrix. 

Fig. 15 shows a schematic partial plan view of the 
electron source and Rg. 16 shows a schematic partial 
sectional view taken along line A-A' of Fig. 1 5, while Figs. 
1 7A - 1 7F and 1 8G - 1 81 illustrate schematic partial sec- 
tional views of the electron source shown in different 
manufacturing steps. Note that same or similar compo- 
nents are respectively designated by same reference 
symbols throughout Figs. 15 through 181. 

91 denotes a substrate and 92 and 93 respectively 
denote X- and Y-directional wirings (which may be called 
lower and upper wirings respectively) that correspond to 
Dxm and Dyn in Fig. 9. Otherwise, the electron source 
comprises electron-emitting devices, each having an 
electroconductive film 4 and a pair of device electrodes 
5 and 6, an interlayer insulation layer 161 and a number 
of contact holes, each of which is used to connect a 
device electrode 5 with a related lower wiring 92. 

Now, the steps of manufacturing an electron source 
and an image-forming apparatus incorporating such as 
electron source used in this example will be described 
in detail. 

Step a: 

After thoroughly cleansing a soda lime glass plate a 
silicon oxide film was formed thereon to a thickness of 
0.5 micrometers by sputtering to produce a substrate 91 , 
on which Cr and Au were sequentially laid to thicknesses 
of 5.0 nm and 600 nm respectively and then a photoresist 
(A21370: available from Hoechst Corporation) was 
formed thereon by means of a spinner, while rotating the 
film, and baked. Thereafter, a photo-mask image was 
exposed to light and developed to produce a resist pat- 
tern for the lower wirings 92 and then the deposited 
Au/Cr film was wet-etched to produce lower wiring 82 
having a desired profile (Fig. 17A). 

Stepb: 

A silicon oxide film was formed as an interlayer insu- 
lation layer 161 to a thickness of 1.0 micrometer by RF 
sputtering (Fig. 17B). 



Stepd: 

Thereafter, a pattern of photoresist (RD-2000N-41: 
available from Hitachi Chemical Co.. Ltd.) was formed 

5 for pairs of device electrodes 5 and 6 and gaps L1 sep- 
arating the respective pairs of electrodes and then Ti and 
Ni were sequentially deposited thereon respectively to 
thicknesses of 5.0 nm and 1 00 nm by vacuum deposition. 
The photoresist pattern was dissolved by an organic sol- 

70 vent and the Ni/Tl deposit film was treated by using a lift- 
off technique to produce pairs of device electrodes 5 and 
6, each pair having a width of 300 micrometers and sep- 
arated from each other by a distance L1 of 20 microme- 
ters (Rg. 17D). 

15 

Stepe: 

After forming a photoresist pattern on the device 
electrodes 5, 6 for upper wirings 93, Ti and Au were 
20 sequentially deposited by vacuum deposition to respec- 
tive thicknesses of 5.0 nm and 500 nm and then unnec- 
essary areas were removed by means of a lift-off 
technique to produce upper wirings 93 having a desired 
profile (Fig. 17E). 

25 

Stepf: 

Electroconductive films 2 made of a mixture of Sn 
and Sn0 2 were produced by sputtering Sn in an oxygen 
30 atmosphere, using a metal mask that had an opening for 
the gap L1 separating the device electrodes and its vicin- 
ity of each device (Fig. 1 7F). The width of the electrocon- 
ductive film 2 was 1 00 micrometers for this example. The 
formed electroconductive films 2 were made of fine par- 
35 tides containing Sn0 2 as a principal ingredient and had 
a film thickness of 70 angstroms and an electric resist- 
ance per unit area of 2.5 x 10 4 Q/n. Note that the term 
"a fine particle film" as used herein refers to a thin film 
constituted of a large number of fine particles that may 
40 be loosely dispersed, tightly arranged or mutually and 
randomly overlapping (to form an island structure under 
certain conditions). The diameter of fine particles to be 
used for the purpose of the present invention is that of 
recognizable fine particles arranged in any of the above 
45 described states. 



35 



Step c: 

A photoresist pattern was prepared for producing 
contact holes 162 in the silicon oxide film deposited in 
Step b, which contact holes 162 were then actually 
formed by etching the interlayer insulation layer 161, 
using the photoresist pattern for a mask (Fig. 17C). RIE 
(Reactive Ion Etching) using CF 4 and H 2 gas was 
employed for the etching operation. 



Stepg: 

The Crf ilm 1 71 and the baked electroconductive film 
so 2 were etched by using an acidic etchant to produce a 
desired pattern (Fig. 18G). 

Steph: 

55 Then, a pattern for applying photoresist to the entire 
surface area except the contact holes 162 was prepared 
and Ti and Au were sequentially deposited by vacuum 
deposition to respective thicknesses of 5.0 nm and 500 
nm. Any unnecessary areas were removed by means of 
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a lift-off technique to consequently bury the contact holes 
162 (Fig. 18H). 

Now, lower wirings 92, an interlayer insulation layer 
161, upper wirings 93, and devices comprising pairs of 
device electrodes S* and 6 and electroconductive films 2 
were produced on the substrate 91 . 

Then, an electron source comprising the above elec- 
tron source substrate and an image-forming apparatus 
incorporating such an electron source were prepared. 
This will be descrfoed below by referring to Figs. 10, 1 1 A 
andllB. 

The substrate 91 carrying thereon a large number 
of devices prepared in a manner as described above was 
rigidly fitted to a rear plate 1 01 and thereafter a face plate 
106 (prepared by forming a fluorescent film 104 and a 
metal back 105 on a glass substrate 103) was arranged 
5 mm above the substrate 91 by interposing a support 
frame 1 02 therebetween. Frit glass was applied to junc- 
tion areas of the face plate 106, the support frame 102 
and the rear plate 1 01 , which were then baked at 400°C 
for 10 minutes or more in the atmosphere and bonded 
together to a hermetically sealed condition (Fig. 10). 

The substrate 91 was also firmly bonded to the rear 
plate 101 by means of frit glass. 

In Fig. 10, reference numerals 92 and 93 respec- 
tively denote X- and Ydirectional wirings. 

While the fluorescent film 104 may be solely made 
of fluorescent bodies if the image-forming apparatus is 
for black and white pictures, firstly black stripes were 
arranged and then the gaps separating the black stripes 
were filled with respective fluorescent bodies for primary 
colors to produce a fluorescent film 1 04 for this example 
(Fig. 11 A). 

The black stripes were made of a popular material 
containing graphite as a principal ingredient. 

The fluorescent bodies were applied to the glass 
substrate 103 by using a slurry method. A metal back 
1 05 is normally arranged on the inner surface of the flu- 
orescent film 1 04. In this example, a metal back was pre- 
pared by producing an Al film by vacuum deposition on 
the inner surface of the fluorescent film 104 that had 
been smoothed in a so-called electric filming process. 

The face plate 1 06 may be additionally provided with 
transparent electrodes (not shown) arranged close to the 
outer surface of the fluorescent film 104 in order to 
improve the conductivity of the fluorescent film 104, no 
such electrodes were used in this example because the 
metal back proved to be sufficiently conductive. 

The fluorescent bodies were carefully aligned with 
the respective devices before the above described bond- 
ing operation. 

The prepared glass container was then evacuated 
by means of an exhaust pipe (not shown) and an exhaust 
pump to achieve a sufficient degree of vacuum inside the 
container. Thereafter, the electroconductive film 2 of 
each of the devices arranged on the substrate 91 was 
subjected to an electric forming operation, where a volt- 
age was applied to the device electrodes 5, 6 of the 
devices by way of the external terminals Dox1 through 



Doxm and Doy1 through Doyn to produce an electron- 
emitting region 3 in each electroconductive film 2. 

The voltage used in the forming operation had a 
waveform same as the one shown in Fig. 5B. 

s Referring to Fig. 5B, T1 and T2 were respectively 1 
milliseconds and 1 0 milliseconds and the electricforming 
operation was carried out in vacuum of a degree of 
approximately 1 x 10~e torr. The wave height (the peak 
voltage for the forming operation) of the applied pulse 

10 voltage was increased stepwise with steps of 0.1 V. Dur- 
ing the electric forming operation, an additional pulse 
voltage of 0.1 V was inserted in each interval of T2 for 
measuring the resistance and the application of pulse 
voltages was terminated to complete the electricforming 

75 process when the resistance measured by using a 
pulsed voltage exceeded about 1 M£l 

The forming voltage Vform for the above devices 
was approximately 4.0 V. 

Fine particles containing SnOx as a principal ingre- 

20 dient and having an average diameter of 4.0 nm were 
observed to be dispersed throughout the electron emit- 
ting regions 3 of the electron-emitting devices procuded 
in a manner as described above. 

Subsequently, a protective film forming operation 

25 was conducted on each of the devices under a vacuum 
condition same as that of the electric forming process, 
where a pulse voltage as shown in Fig. 5A was applied 
to the device electrodes 5 and 6 of the electron-emitting 
devices 94 through the external electrodes Dox1 through 

30 Doxm and Doy1 through Doyn. 

In this operation, a pulse voltage having a wave 
height value of 1 4 V was applied to the device electrodes 
5, 6 of the devices in order to cause them emit electrons, 
while observing the emission current le. The emission 

35 current le became saturated in approximately 30 min- 
utes, when the protective film forming operation was ter- 
minated. 

All the devices were then subjected to a chemical 
reduction process. 

40 In this operation, nitrogen gas containing hydrogen 
by 2% was introduced through a reducing gas inlet pipe 
(not shown) under the control of a mass flow controller 
(not shown) until it showed a partial pressure of 1 millitorr 
in the vacuum apparatus. 

45 As the devices were exposed to this atmosphere for 
an hour, the electroconductive films 4 of the devices con- 
taining Sn0 2 as a principal ingredient were chemically 
reduced to become so many films of fine Sn particles 
that showed an electric resistance per unit area of 6 x 

so 1 02 Cilu or a value smaller than the resistance before the 
chemical reduction by two digits. 

Thus, the operation of preparing electron-emitting 
devices 94 were completed as they had been subjected 
to an electric forming operation, a protective film forming 

55 operation and a chemical reduction process to produce 
electron emitting regions 3. 

Thereafter, the enclosure was evacuated to a 
degree of vacuum of approximately 10~ 6 torr and then 
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hermetically sealed by melting and closing the exhaust 
pipe (not shown) by means of a gas burner. 

The apparatus was subjected to a getter process 
using a high frequency heating technique in order to 
maintain the degree of vacuum in the apparatus after the 
sealing operation, where an getter disposed at a prede- 
termined position (not shown) in the enclosure was 
heated by high frequency heating immediately before the 
sealing operation to form a film as a result of vapor dep- 
osition. The getter is a material containing Ba as a prin- 
cipal component. 

The electron-emitting devices of the above image- 
forming apparatus were then caused to emit electrons 
by applying scanning signals and modulation signals 
generated by a signal generating means (not shown) 
thereto through the external terminals Dox1 through 
Doxm and Doy1 through Doyn and the emitted electrons 
were accelerated by applying a high voltage of greater 
than several kV to the metal back 105 or a transparent 
electrode (not shown) via the high voltage terminal Hv 
so that they col lides with the fluorescent film 1 04 until the 
latter was energized to emit light and produce images. 

The electron source prepared for this example con- 
sumed little power with a reduced drive voltage so that 
the load applied to the circuits that are peripheral to the 
electron source was also reduced. Consequently the 
image-forming apparatus incorporating such an electron 
source was prepared at low cost. 

The image-forming apparatus operated stably with 
a reduced power consumption rate to display excellent 
images. 

(Example 6) 

This example deals with an image-forming appara- 
tus comprising a large number of surface conduction 
electron-emitting devices and control electrodes (grids). 

Since an apparatus to be dealt in this example can 
be prepared in a way as described above concerning the 
image-forming apparatus of Example 5, the method of 
manufacturing the same will not be described any fur- 
ther. 

Each of the surface conduction electron-emitting 
devices of the device electrode had a gap of 50 microm- 
eters between the device electrodes. A chemical reduc- 
tion process was conducted on the devices in a manner 
similar to the one described t eariier for Example 5. In this 
reduction process, the devices were exposed to nitrogen 
gas containing hydrogen by 2% and having a partial 
pressure of 1 00 mtorr for 30 minutes. 

The configuration of the apparatus will be described 
in terms of the electron source of the apparatus prepared 
by arranging a number of surface conduction electron- 
emitting devices. 

Fig. 13B shows a schematic plan view the electron 
source which is a ladder type. Referring to Fig. 13B, 144 
denotes an electron source substrate typically made of 
soda lime glass and 131 denotes an surface conduction 
electron-emitting device arranged on the substrate 144 



and shown in adotted circle. Whereas Dx'T through Dx'6 
that are commonly indicated by 1 32 denote common wir- 
ings for the surface conduction electron-emitting 
devices. 

5 The surface conduction electron-emitting devices 
131 were arranged in rows running along X-direction 
(hereinafter referred to as device rows) and the surface 
conduction electron-emitting devices of each row are 
connected in parallel by a pair of common wirings run- 
to ning along the rows. Note that a single common wiring 
is arranged between any two adjacent device rows to 
serve for the both rows as a wiring electrode. For 
instance, common wiring or wiring electrode Dx'2 serves 
for both the first device row and the second device row. 

75 This arrangement of wiring electrodes is advanta- 
geous in that, if compared with the arrangement of Fig. 
1 3A, the space separating any two adjacent rows of sur- 
face conduction electron-emitting devices can be signif- 
icantly reduced in Ydirection. 

20 In the apparatus of this example comprising the 
above described electron source, the electron source 
can drive any device rows independently by applying an 
appropriate drive voltage to the related wiring electrodes. 
More specifically, a voltage exceeding the threshold volt- 

25 age level for electron emission is applied to the device 
rows to be driven to emit electrons, whereas a voltage 
not exceeding the threshold voltage level for electron 
emission (e.g., 0 V) is applied to the remaining device 
rows (A voltage exceeding the threshold voltage level 

30 and used for the purpose of the invention is expressed 
by drive voltage Vope[V] hereinafter.) 

For instance, only the devices of the third row can 
be driven to operate by applying 0[V] to the wiring elec- 
trodes Dx'1 through DxS and vbpe[V] to the wiring elec- 

35 trodes Dx*4 through Dx'6. Consequently, Vope-0 = 
Vope[V] is applied to the devices of the third row, 
whereas 0[V] , 0-0 = 0[V] or Vope-Vope = 0[V], is applied 
to all the devices of the remaining rows. 

Likewise, the devices of the second and the fifth 

40 rows can be driven to operate simultaneously by apply- 
ing 0[V] to the wiring electrodes Dx'1 , Dx'2 and Dx'6 and 
Vope[V] to the wiring electrodes Dx*3, Dx*4 and Dx'5. In 
this way, the devices of any device row of this electron 
source can be driven selectively. 

45 While each device row has twelve (1 2) surface con- 
duction electron-emitting devices arranged along the X- 
direction in the electron sources of Fig. 1 3B, the number 
of devices to be arranged in a device row is not limited 
thereto and a greater number of devices may atterna- 

50 tively be arranged. Additionally, while there are five (5) 
device rows in the electron source, the number of device 
rows is not limited thereto and a greater number of device 
rows may alternatively be arranged. 

Now, a panel type CRT incorporating an electron 

55 source of the above described type will be described. 

Fig. 14 is a schematic perspective view of a panel 
type CRT incorporating an electron source as illustrated 
in Fig. 13B. In Fig. 14, VC denote a glass vacuum con- 
tainer provided with a face plate for displaying images as 
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a component thereof. A transparent electrode made of 
ITO is arranged on the inner surface of the face plate and 
red, green and blue fluorescent members are applied 
onto the transparent electrode in the form of a mosaic or 
stripes without interfering with each other. To simplify the 
illustration, the transparent electrodes and the fluores- 
cent members are collectively indicated by reference 
symbol 1 04 in Fig. 1 4. Black stripes known in the field of 
CRT may be arranged to fill the blank areas of the trans- 
parent electrode that are not occupied by the fluorescent 
stripes. Similarly, a metal back layer of any known type 
may be arranged on the fluorescent members. The trans- 
parent electrode is electrically connected to the outside 
of the vacuum container by way of a terminal Hv so that 
an voltage may be applied thereto in order to accelerate 
electron beams. 

In Fig. 1 4, 1 44 denotes the substrate of the electron 
source rigidly fitted tothebottom of the vacuum container 
VC. on which a number of surface conduction electron- 
emitting devices are arranged in a manner as described 
above by referring to Fig. 13B. The wiring electrodes of 
the device rows are electrically connected to respective 
electrode terminals Dox1 through Dox(m+1) arranged on 
a lateral panel of the apparatus so that electric drive sig- 
nals may be applied thereto from outside of the vacuum 
enclosure (m = 200 for the apparatus of this example). 

Stripe-shaped grid electrodes 140 are arranged in 
the middle between the substrate 144 and the face plate 
106. There are provided a total of 200 grid electrodes 
GR arranged in a direction perpendicular to that of the 
device rows (or in the Y-direction) and each grid elec- 
trode has a given number of openings 141 for allowing 
electron beams to pass therethrough. More specifically, 
a circular opening 141 is provided for each surface con- 
duction electron-emitting device. The grid electrodes are 
electrically connected to the outside of the vacuum con- 
tainer via respective electric terminals G1 through Gn (n 
= 200 for the apparatus of this example). 

The above described display panel comprises sur- 
face conduction electron-emitting devices arranged in 
200 device rows and 200 grid electrodes to form an X-Y 
matrix of 200 x200. With such an arrangement animage 
can be displayed on the screen on a line by line basis by 
applying a modulation signat to the grid electrodes tor a 
single line of an image in synchronism with the operation 
of driving (scanning) the surface conduction electron- 
emitting devices on a row by row basis to control the irra- 
diation of electron beams onto the fluorescent film. 

Fig. 22 is a block diagram of an electric circuit to be 
used for driving the display panel of the above described 
electron source having a ladder-like arrangement in 
order to display images according to TV signals of the 
NTSC system. Pulse modulation was used for the image- 
forming apparatus. 

The electron-emitting devices of the above image- 
forming apparatus were then caused to emit electrons 
by applying scanning signals and modulation signals 
generated by a signal generating means thereto through 
the external terminals Dox1 through Dox(m+1 ) and Ooy1 



through Doyn and the emitted electrons were acceler- 
ated by applying a high voltage of 10 kV to a metal back 
(not shown) or a transparent electrode (not shown) via 
the high voltage terminal Hv so that they collides with the 

5 fluorescent film 1 04 until the latter was energized to emit 
light and produce images. 

The electron source prepared for this example con- 
sumed little power with a reduced drive voltage so that 
the load applied to the circuits that are peripheral to the 

w electron source was also reduced. Consequently the 
image-forming apparatus incorporating such an electron 
source was prepared at low cost. 

(Example 7) 

15 

Contrary to Example 1 where the film of fine PdO 
particles of an electron-emitting device was chemically 
reduced by heating in vacuum, the film of fine particles 
of the electron-emitting device of this example was 

20 heated and reduced in a reducing solution. 

The electron-emitting device having a configuration 
as illustrated in Figs. 7A and 7B was prepared by follow- 
ing Steps a through e, of which Steps a through d are 
same as those of Example 1 above. So, only Step e will 

25 be described here. 

As in the case of Example 1 . the device comprising 
a pair of device electrodes 5. 6 and an electroconductive 
film 4 including an electron emitting region 3 arranged 
on a substrate 1 was subjected to a chemical reduction 

30 process as described below. 

Step e: 

As shown in Fig. 21, the electron-emitting device 

35 was placed in a liquid of 1 00% formic acid (reducing liq- 
uid) and heated to temperature between 50°C and 60°C 
for two minutes by means of a heater which is connected 
to a temperature controller. Consequently, the PdO in the 
form of a film of fine particles of the device that has not 

40 undergone an electric forming process was chemically 
reduced to become metal Pd also in the form a film of 
fine particles having an electric resistance per unit area 
of 5 x 10 2 QJu or a value smaller than the resistance 
before the chemical reduction by two digits. 

45 In an attempt to see the properties of the flat type 
electron-emitting device prepared through the preceding 
steps, it was observed for electron-emitting perform- 
ance, using a measuring system as illustrated in Fig. 4. 
In the above observation, the distance H between the 

50 anode 34 and the electron-emitting device was 4 mm and 
the potential of the anode 34 was 1 kV, while the degree 
of vacuum in the vacuum chamber of the system was 
held to 1 x 10"6 torr throughout the gauging operation. 
A device voltage was applied between the device 

55 electrodes 5, 6 of the device to see the device current If 
and the emission current le under that condition. Fig. 6 
shows the current-voltage relationships obtained as a 
result of the observation. 
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The emission current le of the device began to 
increase sharply when the device voltage (Vf) became 
as high as 8 and a device current If of 2.0 milliA and an 
emission current le of 1.2 microA were observed when 
the device voltage rose to 14 V to provide an electron 
emission efficiency 6 = Ie/rfx100(%) of 0.06%. 

When the device was observed before the chemical 
reduction process, the film of PdOf ine particles (electro- 
conductive film) of the device showed an electric resist- 
ance of 3.5 k£> and the fissured area had an electric 
resistance of 7 kG. 

After the chemical reduction process, it was found 
that the electric resistance of the film of PdO fine parti- 
cles of the electron-emitting device that had undergone 
an chemical reduction process (the device of this exam- 
ple) was as low as 30 Q which was negligible when com- 
pared with that of the fissured area. 

In other words, for an electron-emitting device after 
a chemical reduction process according to the invention 
to obtain the same electron emission rate as a device 
before the process having required a device voltage of 
21 V, the device after the process required a power con- 
sumption rate of only 28 milliW, whereas it was 42 milliW 
for the device before the process, i.e., the former being 
two thirds of the latter, thus proving a significant saving 
of power. 

Note that the duration of chemical reduction process 
was as short as two hour or much shorter than that of 
the device of Example 1, which was ten hours and this 
fact can further contrfoute to raising the rate of manufac- 
turing electron-emitting devices of the type under con- 
sideration. Additionally, since the chemical reduction 
process does not require any gas nor vacuum apparatus, 
the entire facility required for manufacturing electron- 
emitting devices can be remarkably simplified. 

(Example 8) 

Fig. 23 is a block diagram of the display apparatus 
comprising an electron source realized by arranging a 
number of surface conduction electron-emitting devices 
and a display panel and designed to display a variety of 
visual data as well as pictures of television transmission 
in accordance with input signals coming from different 
signal sources. 

Referring to Fig. 23, the apparatus comprises a dis- 
play panel 500, a display panel drive circuit 501, adisplay 
panel controller 502, a multiplexer 503, a decoder 504, 
an input/output interface circuit 505, a CPU 506, an 
image generation circuit 507, image memory interface 
circuits 508, 509 and 51 0, an image input interface circuit 
511, TV signal receiving circuits 512 and 513 and an 
input section 514. ff the display apparatus is used for 
receiving television signals that are constituted by video 
and audio signals, circuits, speakers and other devices 
are required for receiving, separating, reproducing, 
processing and storing audio signals along with the cir- 
cuits shown in the drawing. However, such circuits and 



devices are omitted here in view of the scope of the 
present invention. 

Now, the components of the apparatus will be 
described, following thef low of image data therethrough. 

5 Firstly, the TV signal reception circuit 51 3 is a circuit 
for receiving TV image signals transmitted via a wireless 
transmission system using electromagnetic waves 
and/or spatial optical telecommunication networks. 
The TV signal system to be used is not limited to a 

io particular one and any system such as NTSC, PAL or 
SECAM may feasibly be used with it. It is particularly 
suited for TV signals involving a larger number of scan- 
ning lines (typically of a high definition TV system such 
as the MUSE system) because it can be used for a large 

is display panel comprising a large number of pixels. 

The TV signals received by the TV signal reception 
circuit 51 3 are forwarded to the decoder 504. 

Secondly, the TV signal reception circuit 512 is a cir- 
cuit for receiving TV image signals transmitted via a 

20 wired transmission system using coaxial cables and/or 
optical fibers. Like the TV signal reception circuit 513, 
the TV signal system to be used is not limited to a par- 
ticular one and the TV signals received by the circuit are 
forwarded to the decoder 504. 

25 The image input interface circuit 51 1 is a circuit for 
receiving image signals forwarded from an image input 
device such as a TV camera or an image pick-up scan- 
ner. It also forwards the received image signals to the 
decoder 504. 

30 The image memory interface circuit 510 is a circuit 
for retrieving image signals stored in a video tape 
recorder (hereinafter referred to as VTR) and the 
retrieved image signals are also forwarded to the 
decoder 504. 

35 The image memory interface circuit 509 is a circuit 
for retrieving image signals stored in a video disc and the 
retrieved image signals are also forwarded to the 
decoder 504. 

The image memory interface circuit 508 is a circuit 

40 for retrieving image signals stored in a device for storing 
still image data such as so-called still disc and the 
retrieved image signals are also forwarded to the 
decoder 504. 

The input/output interlace circuit 505 is a circuit for 

45 connecting the display apparatus and an external output 
signal source such as a computer, a computer network 
or a printer, ft carries out input/output operations for 
image data and data on characters and graphics and, if 
appropriate, for control signals and numerical data 

so between the CPU 506 of the display apparatus and an 
external output signal source. 

The image generation circuit 507 is a circuit for gen- 
erating image data to be displayed on the display screen 
on the basis of the image data and the data on characters 

55 and graphics input from an external output signal source 
via the input/output interface circuit 505 or those coming 
from the CPU 506. The circuit comprises reloadable 
memories for storing image data and data on characters 
and graphics, read-only memories for storing image pat- 
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terns corresponding given character codes, a processor 
for processing image data and other circuit components 
necessary for the generation of screen images. 

Image data generated by the circuit for display are 
sent to the decoder 504 and, rf appropriate, they may also s 
be sent to an external circuit such as a computer network 
or a printer via the input/output interface circuit 505. 

The CPU 506 controls the display apparatus and 
carries out the operation of generating, selecting and 
editing images to be displayed on the display screen. For 10 
example, the CPU 506 sends control signals to the mul- 
tiplexer 503 and appropriately selects or combines sig- 
nals for images to be displayed on the display screen. 

At the same time it generates control signals for the 
display panel controller 502 and controls the operation 15 
of the display apparatus in terms of image display fre- 
quency, scanning method (e.g., interlaced scanning or 
non-interlaced scanning), the number of scanning lines 
per frame and so on. 

The CPU 506 also sends out image data and data so 
on characters and graphic directly to the image genera- 
tion circuit 507 and accesses external computers and 
memories via the input/output interface circuit 505 to 
obtain external image data and data on characters and 
graphics. 

The CPU 506 may additionally be so designed as to 
participate other operations of the display apparatus 
including the operation of generating and processing 
data like the CPU of a personal computer or a word proc- 
essor. The CPU 506 may also be connected to an exter- 
nal computer network via the input/output interface 
circuit 505 to carry out numerical computations and other 
operations, cooperating therewith. 

The input section 514 is used for forwarding the 
instructions, programs and data given to it by the opera- 
torto the CPU 506. As a matter of fact, it may be selected 
from a variety of input devices such as keyboards, mice, 
joy sticks, bar code readers and voice recognition 
devices as well as any combinations thereof. 

The decoder 504 is a circuit for converting various 
image signals input via said circuits 507 through 513 
back into signals for three primary colors, luminance sig- 
nals and I and Q signals. Preferably, the decoder 504 
comprises image memories as indicated by a dotted line 
in Fig. 23 for dealing with television signals such as those 
of the MUSE system that require image memories for 
signal conversion. 

The provision of image memories additionally facil- 
itates the display of still images as well as such opera- 
tions as thinning out, interpolating, enlarging, reducing, 
synthesizing and editing frames to be optionally carried 
out by the decoder 504 in cooperation with the image 
generation circuit 507 and the CPU 506. 

The multiplexer 503 is used to appropriately select 
images to be displayed on the display screen according 
to control signals given by the CPU 506. In other words, 
the multiplexer 503 selects certain converted image sig- 
nals coming from the decoder 504 and sends them to 
the drive circuit 501 . It can also divide the display screen 



in a plurality of frames to display different images simul- 
taneously by switching from a set of image signals to a 
different set of image signals within the time period for 
displaying a single frame. 

The display panel controller 502 is a circuit for con- 
trolling the operation of the drive circuit 501 according to 
control signals transmitted from the CPU 506. Among 
others, it operates to transmit signals to the drive circuit 
501 for controlling the sequence of operations of the 
power source (not shown) for driving the display panel in 
order to define the basis operation of the display panel. 

It also transmits signals to the drive circuit 501 for 
controlling the image display frequency and the scanning 
method (e.g., interlaced scanning or non-interlaced 
scanning) in order to define the mode of driving the dis- 
play panel. 

If appropriate, it also transmits signals to the drive 
circuit 501 for controlling the quality of the images to be 
displayed on the display screen in terms of luminance, 
contrast, color tone and sharpness. 

The drive circuit 501 is a circuit for generating drive 
signals to be applied to the display panel 500. It operates 
according to image signals coming from said multiplexer 
503 and control signals coming from the display panel 
controller 502. 

A display apparatus according to the invention and 
having a configuration as described above and illustrated 
in Fig. 23 can display on the display pane! 500 various 
images given from a variety of image data sources. 

More specifically, image signals such as television 
image signals are converted back by the decoder 504 
and then selected by the multiplexer 503 before sent to 
the drive circuit 501 . On the other hand, the display con- 
troller 502 generates control signals for controlling the 
operation of the drive circuit 501 according to the image 
signals for the images to be displayed on the display 
panel 500. 

The drive circuit 501 then applies drive signals to the 
display panel 500 according to the image signals and the 
control signals. Thus, images are displayed on the dis- 
play panel 500. 

All the above described operations are controlled by 
the CPU 506 in a coordinated manner. 

The above described display apparatus can not only 
select and display particular images out of a number of 
images given to it but also carry out various image 
processing operations including those for enlarging, 
reducing, rotating, emphasizing edges of, thinning out, 
interpolating, changing colors of and modifying the 
aspect ratio of images and editing operations including 
those for synthesizing, erasing, connecting, replacing 
and inserting images as the image memories incorpo- 
rated in the decoder 504, the image generation circuit 
507 and the CPU 506 participate such operations. 

Although not described with respect to the above 
embodiment it is possible to provide it with additional 
circuits exclusively dedicated to audio signal processing 
and editing operations. 
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Thus, a display apparatus according to the invention 
and having a configuration as described above can have 
a wide variety of industrial and commercial applications 
because it can operate as a display apparatus for televi- 
sion broadcasting, as a terminal apparatus for video tel- 
econferencing, as an editing apparatus for still and movie 
pictures, as a terminal apparatus for a computer system, 
as an OA apparatus such as a word processor, as a 
game machine and in many other ways. 

It may be needless to say that Fig. 23 shows only an 
example of possible configuration of a display apparatus 
comprising a display panel provided with an electron 
source prepared by arranging a number of surface con- 
duction electron-emitting devices and the present inven- 
tion is not limited thereto. For example, some of the circuit 
components of Fig. 23 may be omitted or additional com- 
ponents may be arranged there depending on the appli- 
cation. 

For instance, if a display apparatus according to the 
invention is used for visual telephone, it may be appro- 
priately made to comprise additional components such 
as a television camera, a microphone, lighting equipment 
and transmission/reception circuits including a modem. 

Since a display apparatus according to the invention 
comprises a display panel that is provided with an elec- 
tron source prepared by arranging a large number of sur- 
face conduction electron-emitting device and hence 
adaptable to reduction inthedepth, the overall apparatus 
can be made very thin. 

Additionally, since a display panel comprising an 
electron source prepared by arranging a large number 
of surface conduction electron-emitting devices is 
adapted to have a large display screen with an enhanced 
luminance and provide a wide angle for viewing, it can 
offer really impressive scenes to the viewers with a sense 
of presence. 

[Advantages of the Invention] 

As described in detail above, the present invention 
make it possible to reduce the drive voltage and the 
power consumption rate of an electron-emitting device 
and hence provide an energy saving electron source and 
a high quality image-forming apparatus incorporating 
such an electron source. 

Additionally, according to the invention, since it is 
now possible to provide a large gap between the device 
electrodes of an electron-emitting device without signif- 
icantly consuming power, electron-emitting devices can 
be manufactured on a mass production basis without 
particularly paying attention to the precision of printing 
Operations. 

An electron-emitting device comprises a pair of 
oppositely disposed electrodes and an electroconduc- 
tive film inclusive of an electron-emitting region arranged 
between the electrodes. The electric resistance of the 
electroconductive film is reduced after forming the elec- 
tron-emitting region in the course of manufacturing the 
electron-emitting device. 



Claims 

1. A method of manufacturing an electron-emitting 
device comprising a pair of oppositely disposed 

5 electrodes and an electroconductive film inclusive of 
an electron-emitting region arranged between said 
electrodes characterized in that said method com- 
prises a processing step of reducing the electric 
resistance of the electroconductive film arranged 

10 between the electrodes. 

2. A method of manufacturing an electron-emitting 
device according to claim 1, wherein said electro- 
conductive film arranged between said electrodes 

75 mainly contains one or more oxides before the 
reducing step and one or more metals after the 
reducing step. 

3. A method of manufacturing an electron-emitting 
20 device according to claim 1 , wherein said electro- 
conductive film is made of at least an oxide selected 
from PdO, Sn0 2 , In^, PbO, MoO and Mo0 2 or a 
mixture of a metal selected from Pd, Ru, Ag, Ti, In, 
Cu. Cr, Fe, Zn, Sn, W and Pb and said oxide or 

25 oxides. 

4. A method of manufacturing an electron-emitting 
device according to claim 1 . wherein said process- 
ing step of reducing the electric resistance of the 

30 electroconductive film arranged between the elec- 
trodes is a step of chemically reducing the electro- 
conductive film. 

5. A method of manufacturing an electron-emitting 
35 device according to claim 4, wherein said chemical 

reduction step includes a step of heating said elec- 
troconductive film in vacuum. 

6. A method of manufacturing an electron-emitting 
40 device according to claim 4, wherein said chemical 

reduction step includes a step of heating said elec- 
troconductive film in an atmosphere of reducing gas. 

7. A method of manufacturing an electron-emitting 
45 device according to claim 6, wherein said reducing 

gas contains hydrogen. 

8. A method of manufacturing an electron-emitting 
device according to claim 4, wherein said chemical 

so reduction step includes a step of dipping said elec- 
troconductive film in a reducing solution. 

9. A method of manufacturing an electron-emitting 
device according to claim 8, wherein said reducing 

55 solution contains formic acid. 

10. A method of manufacturing an electron-emitting 
device according to one of claims 1 through 9, 
wherein said processing step of reducing the electric 
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resistance of said electroconductive film arranged 
between said electrodes is conducted after a step of 
producing a high resistance area in said electrocon- 
ductive film arranged between said electrodes. 

11. A method of manufacturing an electron-emitting 
device according to claim 10, wherein said step of 
producing a high resistance area in said electrocon- 
ductive film includes a step of electrically forming 
said electroconductive film arranged between said 
electrodes. 

12. A method of manufacturing an electron-emitting 
device according to one of claims 1 through 9, 
wherein it further comprises a step of depositing car- 
bon or a carbon compounds on said electroconduc- 
tive film. 

13. A method of manufacturing an electron-emitting 
device according to claim 12, wherein said step of 
reducing the electric resistance of said electrocon- 
ductive film arranged between said electrodes is 
conducted after said step of depositing carbon or a 
carbon compounds on said electroconductive film. 

14. A method of manufacturing an electron-emitting 
device according to claim 12, wherein said step of 
depositing carbon or a carbon compounds on said 
electroconductive film includes a step of applying in 
an atmosphere of the carbon compounds a voltage 
to said electroconductive fflm arranged between 
said electrodes. 

15. An electron source comprising an electron-emitting 
device for emitting electrons in accordance with 
input signals characterized in that said electron- 
emitting device is produced by a manufacturing 
method according to one of claims 1 through 9. 

1 6. An electron source comprising a plurality of rows of 
electron-emitting devices having respective pairs of 
terminals connected to common wirings and a mod- 
ulation means for modulating electron beams emit- 
ted from said electron-emitting devices in 
accordance with input signals characterized in that 
said electron-emitting devices are produced by a 
manufacturing method according to one of claims 1 
through 9. 

1 7. An electron source comprising a plurality of electron- 
emitting devices for emitting electron beams in 
accordance with input signals, said electron-emit- 
ting devices being connected respectively to m X- 
directional wirings and n Ydirectional wirings, said 
wiring being electrically insulated from one another, 
characterized in that said electron-emitting devices 
are produced by a manufacturing method according 
to one of claims 1 through 9. 



1 8. An image-forming apparatus comprising an electron 
source and an image-forming member for forming 
images in accordance with input signals character- 
ized in that said electron source is an electron 

5 source according to claim 1 5. 

19. An image-forming apparatus according to claim 18, 
wherein said image-forming member comprises a 
fluorescent body. 

10 

20. An image-forming apparatus comprising an electron 
source and an image-forming member for forming 
images in accordance with input signals character- 
ized in that said electron source is an electron 

75 source according to claim 16. 

21. An image-forming apparatus according to claim 20, 
wherein said image-forming member comprises a 
fluorescent body. 

20 

22. An image-forming apparatus comprising an electron 
source and an image-forming member for forming 
images in accordance with input signals character- 
ized in that said electron source is an electron 

25 source according to claim 1 7. 

23. An image-forming apparatus according to claim 22, 
wherein said image-forming member comprises a 
fluorescent body. 
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